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ELECTfiODEPOSmON  OF  GOID  AND  SEYER 
FROM  CYANIDE  SOLUTIONS. 


By  S,  B.  Chbistt. 


nrTBODTTCnON. 

This  report  aa  the  electrodeposition  of  gold  and  silver  from 
cj-anide  solutions  represents  work  that  has  occupied  my  time  at 
intervals  during  the  past  20  years.  The  investigation  has  been 
carried  on  simultaneously  with  my  duties  as  professor  of  mining  and 
metaUurgy  of  the  University  of  CaUfomia. 

During  this  long  investigation  I  have  been  assisted  in  the  details 
of  the  work  by,  a  number  of  my  former  students,  acting  in  turn  as 
assistants.  Particular  mention  in  this  connection  is  due  W.  H.  Hil- 
Um,  who  graduated  in  1900;  C.  T.  Dozier,  1902;  N.  C.  Stines, 
1905 ;  a  N.  Herrick,  1907,  and  L.  C.  Uren,  1911- 

It  is  impossible  to  publish  full  details  of  the  many  thousands  of 
experiments  performed.  Effort  has  been  made  to  present  only  the 
essential  data.  Wherever  possible,  the  results  of  the  experiments 
have  been  expressed  in  diagrammatic  form  by  curves  showing  the 
relation  between  the  simultaneous  variables  of  the  experiments. 

It  is  necessary  to  show,  as  nearly  as  may  be,  the  state  of  the  art. 
This  is  difficult  because  of  the  meager  literature  on  electrodeposition 
in  the  cyanide  process ;  hence  resort  must  be  had  to  the  specifications 
and  claims  of  patents,  most  of  which  se^n  never  to  have  been  applied 
on  a  working  scale.  Such  information  consequently  can  not  be  taken 
at  its  face  value.  Expressing  the  essential  ideas  evolved  in  such 
specifications  is  no  easy  task.  Clearly,  in  quoting  from  patent 
records  it  is  not  feasible  to  enumerate  all  of  the  specifications  or  the 
daims  allowed  the  inventors.  A  statement  of  the  chief  contributions 
to  the  art  in  the  patent  cited  must  suffice.  Legal  details,  of  course, 
must  be  obtained  from  the  original  patent. 

In  the  study  of  patent  literature,  when  one  compares  the  ardent 
hopes  of  the  inventors  with  the  results  realized  from  their  efforts, 
it  becomes  clear  that  in  the  development  of  an  art  no  one  man  con- 
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tributes  everything.  Each  subsequent  inventor  stands  on  the  shoul- 
ders of  the  one  who  has  gone  before.  It  is  only  through  the  summa- 
tion of  the  contributions  of  many  inventors  that  the  art  as  a  whole 
prospers. 

On  October  19,  1887,  a  British  patent  was  granted  to  McArthur 
and  Forrest  for  the  use  of  dilute  cyanide  solutions  for  treating  gold 
and  silver  ores.  The  rapid  extension  of  this  process,  in  various 
forms,  all  over  ihe  world,  has  almost  revolutionized  the  treatment  of 
ores  containing  precious  metals.  It  is  a  remarkable  fact,  however, 
that  long  before  this  patent  was  granted  there  was  issued,  on  Febru- 
ary 5,  1867,  to  J.  H.  Rae,  U.  S.  patent  61866,  for  an  electrocyanide 
process.  Thus  a  method  of  electrodeposition  from  cyanide  solutions 
used  for  treating  ores  was  invented  20  years  before  the  McArthur  and 
Forrest  patent  was  granted,  although  the  process  did  not  come  into 
general  use. 

On  May  24,  1889,  U.  S.  patent  403202  was  granted  to  McArthur 
and  Forrest  for  the  use  of  zinc  shavings  for  removing  gold  and  silver 
from  cyanide  solutions.  The  use  of  finely  divided  zinc  is  still  the 
standard  method  for  recovering  gold  and  silver  from  cyanide  solu- 
tions. Since  this  patent  was  granted,  many  attempts  have  been 
made  to  replace  the  precipitation  upon  the  zinc  by  methods  of  electro- 
deposition.  It  is  the  purpose  of  this  report  to  give  an  outline  of 
some  of  these  methods,  as  well  as  to  show  the  relative  advantages  and 
disadvantages  of  the  zinc  and  the  electrical  methods  of  recovering 
gold  and  silver  from  cyanide  solutions. 

FBOCESSES  OF  ELECTEODEPOSITION. 

Processes  of  electrodeposition  may  be  divided  into  two  classes,  ac- 
cording as  the  action  takes  place,  in  the  presence  or  in  the  absence  of 
the  pulverized  ore  itself. 

ELECTBODEPOSITION  IN  THE  PBESENCE  OF  THE  OBE  FULP. 

All  the  processes  of  this  type  hitherto  invented  require  keeping 
the  ore  pulp  in  motion  by  mechanical  agitation.  This  is  necessary, 
because  otherwise  the  electrical  resistance  would  be  too  great  and  be- 
cause the  metal  would  be  deposited  in  filamentary  form  between  the 
ore  particles  and  would  be  difficult  to  recover. 

PATENTED    PROCESSES. 

The  first  of  these  processes  was  that  of  J.  H.  Rae,  previously  men- 
tioned. The  patent  discloses  the  treatment  of  pulverized  ore  in  a 
vessel  containing  the  ore  together  with  a  solution  of  cyanide  of  potas- 
sium.   In  the  vessel  was  provided  a  metallic  agitator  which  acted  as 
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an  anode  and  kept  the  ore  in  suspension.  The  gold  and  silver  were 
precipitated  on  a  plate  cathode  suspended  in  the  solution  above  the 
anode.  Some  time  in  the  seventies  a  number  of  experiments  were 
made  with  such  a  process  in  a  modified  form  in  San  Francisco  with 
ores  from  Virginia  City.  The  experiments  were  conducted  in  an 
amalgamating  pan,  the  agitator  being  connected  with  one  pole  of  the 
battery  and  the  quicksilver  with  the  other  pole.  When  these  ex- 
periments were  made,  it  is  reported  that  an  alternating  current  was 
used,  although  the  inventor  expressly  states  that  a  direct  current 
dioiild  be  used.  The  results  obtained  were  claimed  to  be  slightly 
better  than  those  with  plain  amalgamatioii,  but  were  not  enough  bet- 
ter to  warrant  continuing  the  process.^ 

On  November  3,  1891,  a  patent  (U.  S.  patent  162535)  was  granted 
to  the  celebrated  Prof.  William  Crookes,  of  London.  This  patent 
VIS  for  an  electroamalgamation  process,  by  which  the  ore  was  to  be 
suspended  in  a  solution  containing  a  soluble  salt  of  mercury,  such 
&s  sulphate,  nitrate,  or  cyanide.  The  patent  claimed  that  when  sus- 
pended ore  was  submitted  to  the  action  of  an  alternating  current  of 
electricity  the  gold  was  rapidly  amalgamated.  I  do  not  know 
whether  this  process  has  ever  been  tried  commercially,  but  from  my 
OTn  incomplete  study  of  it  I  do  not  think  that  it  is  likely  to  be  suc- 
cesftil.    Other  and  more  recent  patents  are  the  following: 

a  F.  Edwards,  U.  S.  patent  518543,  April  17,  1894.— An  amal- 
gamating device  consisting  of  a  vessel  containing  carbon  anodes  and 
mercury  cathodes.  The  solution  consists  of  cyanide  of  potassium 
and  ferrous  oxide.  The  use  of  ferrous  oxide  with  cyanide  is  enough 
to  put  this  process  out  of  consideration. 

Paul  Danckwardt,  U.  S.  patent  526099,  September  18,  1894.— A 
process  for  extracting  gold  and  silver  from  ores.  The  appliance  con- 
sists of  concentric  drums,  either  the  outer  or  the  inner  one  of  which 
is  made  to  revolve,  either  the  outer  or  the  inner  serving  as  an  anode 
or  a  cathode.  The  suggested  use  of  alkaline  sulphide  in  connection 
^ith  cyanide  of  potassium  seems  entirely  out  of  place ;  and  no  bet- 
ter mechancal  devices  could  be  found  for  scouring  the  precipitated 
metal  from  the  cathodes. 

Pelatan  and  Clerici  were  granted  three  United  States  patents  as 
follows:  No.  551648,  December  17,  1895;  No.  553816,  January  28, 
M]  and  No.  568099,  December  22, 1896.  These  patents  all  disclosed 
^-iron  or  steel  agitators  which  acted  as  anodes,  and  amalgamated 
^'Pper  plates  or  a  bath  of  mercury  which  served  as  the  cathode. 
They  differed  from  one  another  merely  in  the  mechanical  disposition 
of  the  agitator.  The  first  patent  showed  an  agitator  of  horizontal 
axis,  the  second  one  of  vertical  axis.    The  agitator  described  in  the 

'Joiian,  H.  F.,  and  Smart,  Edgar,  Cyanlding  of  gold  and  Rtlyer  ores,  1904,  p.  143. 
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third  comprised  a  belt  made  of  steel  with  attached  arms,  so  that 
when  the  belt  was  moved  by  rollers,  the  stirrers  were  carried  over 
the  surface  of  the  mercury  so  as  to  agitate  the  pulp  ccmtinuously, 
the  operation  being  carried  on  in  the  presence  of  a  cyanide  solution. 
ExperimentB  on  a  working  scale  with  this  process  were  conducted  by 
D.  B.  Huntley  in  the  Delamar  mine,  in  Idaho,  and  I  learn  from  him 
that  extractions  of  more  than  80  per  cent  were  obtained;  but  I 
understand  that  none  of  these  methods  is  now  in  use.  The  chief  ob- 
jections were  the  large  amount  of  power  used  in  fine  grinding,  and 
the  scouring  of  the  cathode.  The  process  was  replaced  by  cheaper 
leaching  methods.  - 

E.  Motz,  U.  S.  patent  582077,  May  4,  1897.— This  covers  an  elec- 
trolytic, rotated  drum.    The  ore  and  pulp  are  mixed. 

B.  Becker,  U.  S.  patent  588740,  August  24,  1897.— The  appliance 
consists  of  a  conical  tank  for  agitation  from  below  by  a  centrifugal 
pump.  A  part  of  the  overflow  passes  into  a  cylindrical  tank  having 
a  conical  bottom  and  containing  radial  or  concentric  vertical  anodes 
and  cathodes.  The  coarse  gold  is  supposed  to  be  amalgamated  upon 
the  sides  of  the  first  or  agitating  tank,  and  the  dissolved  gold,  elec- 
trically precipitated,  is  recovered  in  the  second  tank.  Circulation 
is  controlled  by  suitable  valves  so  that  only  the  finest  material 
passes  over  to  the  second  tank  for  electrodeposition. 

H.  S.  Badger,  U.  S.  patent  635544,  September  19,  1899.— Electro- 
amalgamating  barrel. 

L.  E.  Porter,  U.  S.  patent  639766,  December  26.  1899.— Electro- 
lytic barrel. 

C.  P.  Tatro  and  George  Delius,  XJ.  S.  patents  640717  and  640718, 
March  27,  1899. — ^Apparatus  and  process. 

W.  Witter,  U.  S.  patent  641571,  January  16,  1900.— €yanogw 
halide  produced  by  electrolysis  used  later  with  pulp. 

N.  L.  Turner,  U.  S.  patent  653538,  July  10, 1900.— Concentric  elec- 
trodes in  tank. 

A.  J.  Irwin,  U.  S.  patent  689674,  December  24,  1901.— An  endless 
metallic  belt,  as  anode,  supporting  the  pulp.  The  cathodes  are 
above. 

H.  E.  Cassel,  U.  S.  patents  694349  and  694350,  March  4,  1902.— 
Process  and  apparatus.  The  process  comprises  electrolysis  of  the 
pulp  with  salt,  followed  by  the  use  of  cyanide,  to  extract  gold  and 
silver. 

F.  T.  Mumford,  U.  S.  patent  706436,  August  5,  1902.— The  pulp 
is  contained  in  an  amalgamating  cylinder  of  copper-lined  steel.  The 
anodes  are  of  carbon. 

W.  H.  Adams,  jr.,  U.  S.  patent  745742,  December  1, 1903.— A  tank 
is  provided  having  a  conical  bottom  and  an  agitating  device.  No 
claims  are  made  for  any  electrolytic  device,  but  one  is  disclosed  in  the 
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spedficfttioQS.  On  account  of  the  lack  of  proper  means  for  circulat- 
ing the  electrolyte  between  the  inclined  electrodes  the  process  would 
probably  be  ineffective. 

Ernest  A.  Fahrig,  TJ.  S.  patent  766223,  April  5,  1604.— A  compli- 
cated system  of  agitating  pulp  in  a  series  of  inclined  electrodes 
placed  in  a  tower  down  which  the  muddy  solution  falls.  The  con- 
struction is  such  that  an  electrically  efficient  process  seems  impossible, 
scouring  and  other  interferences  being  sure  to  take  place.  An  appa- 
ratus so  arranged  is  not  easily  constructed  or  adjusted. 

K  L.  Oliver,  U.  S.  patent  784120,  March  7,  1905.— An  apparatus 
for  cyanide-pulp  treatment.  A  cylindrical  tank  having  a  conical 
bottom  contains  vertical  cathodes  of  copper  plate  in  electric  contact 
with  a  horizontal  tube  containing  mercury,  in  such  a  manner  as  to 
aDow  the  mercury  to  spread  by  diffusion  over  the  plate  as  the  gold 
and  silver  amalgam  form  upon  it.  The  anodes  first  specified  were 
finch  sheet-iron  plates,  but  these  were  afterwards  changed  to  rods 
of  Acheson  graphite.  The  pulp  was  agitated  by  compressed  air 
which  entered  at  the  center  of  the*  conical  bottom  and  forced  the  ore 
np  through  a  central  pipe,  causing  it  to  spread  out  in  the  solution 
and  fall  between  the  electrodes.  This  process  was  introduced  on  a 
working  scale  at  the  North  Star  mine  in  1903  and  was  continued  in 
ose  there  until  1906,  during  which  time  more  than  $200,000  in  bul- 
lion was  recovered  at  a  profit.^  The  gold  amalgam  was  recovered 
in  a  stronger  cyanide  solution  by  changing  the  cathodes  into  anodes 
(after  U.  S.  patent  643096,  S.  B.  Christy).  The  process  gave  good 
results  for  the  treatment  of  low-grade  tailings.  An  actual  recovery 
of  about  75  per  cent  was  claimed.  The  difficulty  in  the  operation 
of  the  process  was  that  the  copper  plates  and  the  quicksilver  held 
back  valuable  metal.  There  was  also  considerable  gold  left  on 
the  anodes,  particularly  when  the  anodes  were  of  iron.  Many  of 
the  anodes  assayed  $70  per  ton,  and  even  as  high  as  $200  per  ton. 
Probably,  also,  there  was  a  considerable  loss  of  quicksilver.  The 
Acheson-graphite  anodes  worked  very  well  with  tailings;  but  when 
an  attempt  was  made  to  treat  sulphide  concentrate,  sulphates  formed 
Mid  rapidly  oxidized  the  graphite  Vods  which  soon  were  converted 
into  a  black  mud.  As  long  as  sulphates  w^re  absent  the  rods  were 
kardly  acted  upon.  The  process  of  precipitation  at  the  North  Star 
Biine  has  since  been  replaced  by  C.  H.  Merrill's  zinc-dust  process. 

W.  A.  Hendryx,  TJ.  S.  patent  785214,  March  21, 1905.— An  appara- 
tus for  the  extraction  of  metals  from  ores.  The  apparatus  disclosed 
in  the  patent  shows  a  vertical  cylindrical  tank  with  a  conical  bottom 
containing  a  central  tube,  in  which  is  placed  a  revolving  screw 
^tator  which  discharges  the  pulp  in  a  continuous  stream  at  the 

'Swaren,  J.  W.,  Historical  notes  on  the  air-lift  agitator:  Mln.  and  Set  Press,  yol.  108. 
^  80. 1911,  pp.  410,  411. 
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top  over  a  slightly  conical  deflecting  apron  so  as  to  expose  the  pulp 
in  a  thin  film  to  the  action  of  the  air.  The  pulp  then  descends 
through  a  series  of  electrodes  inclined  at  a  slight  angle.  The  anodes 
are  of  carbon  and  the  cathodes  are  of  thin  sheet  lead. 

W.  A.  Hendryx,  U.  S.  patent  836380,  November  20, 1906.— An  ore- 
treating  process  which  incidentally  required  the  electrolytic  appara- 
tus previously  described.  The  process  was  introduced  in  a  number 
of  places,  but  td  the  best  of  my  knowledge  the  electrical  part  has 
been  abandoned  and  the  apparatus  is  now  in  use  only  as  an  agitator. 

J.  A.  CJomer,  U.  S.  patent  833999,  October  23,  1906.— A  patent  ap- 
plying chiefly  to  the  handling  of  pulp  by  compressed  apir.  The 
electrical  part  of  the  device  embraces  nothing  novel. 

E.  J.  Garvin,  TT.  S.  patents  809939,  January  16,  1906,  and  822940, 
June  12, 1906.® — ^The  apparatus  consists  of  a  cylindrical  agitator  hav- 
ing a  conical  bottom  and  containing  a  small,  inverted,  floating  cone 
in  the  center  and  a  small  funnel-shaped  hopper  at  the  top.  The 
pulp  is  made  to  circulate  by  a  centrifugal  pump  from  the  bottom  of 
the  conical  tank  over  a  series  of  amalgamation  plates,  electrically 
connected,  which  are  employed  for  amalgamating  any  coarse  gold. 
The  pulp  then  flows  through  the  hopper,  down  through  the  agitator, 
and  back  through  the  pump. 

The  upper  part  of  this  apparatus  contains  nearly  clear  water 
that  has  been  allowed  to  by-pass  over  the  top  of  the  agitator  to  the 
electrical  precipitation  device,  which  is  contained  in  a  rectangular 
box  with  a  cylindrical  bottom.  At  the  bottom  of  the  cylinder  is 
placed  a  small  quantity  of  quicksilver;  and  two  anodes  of  sheet  iron 
are  connected  on  either  side  of  the  cathode.  This  cathode  consists 
of  a  link  belt,  made  of  horizontal  copper  strips,  which  moves  slowly 
with  its  lower  end  submerged  in  quicksilver,  thus  keeping  the  sur- 
face amalgamated.  The  solution  passes  underneath  the  first  anode, 
up  through  the  lattice  belt  cathode,  and  thence  down  and  out.  By 
means  of  suitable  valves,  clear  or  nearly  clear  water  passes  through 
the  precipitation  tank.  The  coarse  gold  is  supposed  to  be  caught 
on  the  amalgamated  copper  plates  on  the  top  of  the  box,  and  the  dis- 
solved gold  on  the  copper-belt  cattiode  of  lattice  work. 

Actual  working  results  by  this  process  are  not  given  in  the  descrip- 
tion, and  seemingly  it  would  be  difficult  and  expensive,  with  this  ap- 
paratus, to  get  sufficient  area  f  oi*  effective  precipitation.  Whether  it 
would  be  possible  to  prevent  mechanical  loss,  either  of  the  quicksilver 
or  of  the  gold,  from  the  cathode  is  perhaps  questionable,  especially 
as  the  descriptive  circular  states  that  the  liquor  flowing  into  the 
precipitation  box  is  not  always  clear,  but  is  usually  somewhat  turbid. 
The  company  at  Portland,  Oreg.,  formed  for  operating  the  process  is 
said  to  have  abandoned  it. 


•Garvin  Cyanide  Extraction  Co.,  Bull.  2,  1906. 
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DIFFICULTIES  OF  RECOVERING  GOLD  AND  SILVER  FROM  CYANIDE  SOLUnOK 

IK  PBE8ENCE  OF  ORE  PULP. 

The  idea  of  recovering  gold  and  silver  from  cyanide  solutions  in 
the  presence  of  the  ore  pulp  appears  at  first  sight  attractive,  as  it 
offers  a  means  of  doing  away  entirely  with  the  great^  difficulties  of 
filtration  and  decantation;  but  all  processes  founded  on  this  idea 
have  to  overcome  other  obstacle&  The  first  difficulty  is  that  the 
electrical  resistance  of  a  bath  containing  a  large  number  of  non- 
conducting particles,  such  as  quartz,  is  greatly  increased  over  that  of 
a  clear  solution.  A  second  is  that  the  deposited  metal  is  rapidly 
stripi>ed  from  the  cathodes  by  the  scouring  action  of  the  moving  ore 
particle&  Such  mechanical  abrasion  causes  serious  loss.  When  the 
cathodes  are  of  mercury  or  amalgamated  copper,  a  third  difficulty 
results  from  the  surface  tension  of  the  mercury. 

I  contended  with  this  difficulty  in  experiments  made  in  June,  1889. 
In  these  experiments  I  used  as  an  anode  a  platinum  dish  containing 
roasted  pjrritic  ore  that  assayed  8.38  ounces  gold  and  2.63  ounces  sil- 
ver. The  dish  contained,  besides  the  ore,  a  10  per  cent  solution  of 
cyanide  of  potassium.  The  battery  used  consisted  of  several  dry 
cells,  and  the  current  was  3  milliamperes.  The  time  was  20  hours.  I 
feond  that  a  loosely  adherent  black  film  formed  on  the  amalgamated 
copper  cathode.  The  film  was  easily  shaken  off  into  the  ore  below. 
The  extraction,  by  difference,  was  86.7  per  cent.  I  repeated  the  same 
experiment  the  next  day,  using  as  before  a  platinum  dish  as  an  anode, 
with  a  10  per  cent  solution  of  cyanide  of  potassium,  and  above  the 
ore  I  placed  a  small  flat  porcelain  dish  (diameter  40  mm.)  contain- 
ing mercury,  into  which  was  inserted  a  graphite  rod  connected  with 
the  negative  pole  of  the  battery.  The  gold  and  silver  and  a  little  cop- 
per came  down  on  the  mercury  in  little  hair-like  particles  of  about 
the  size  and  shape  of  the  upper  part  of  an  exclamation  point  ( !). 
They  stood  all  over  the  surface  of  the  mercury  in  an  erect  position 
like  quills  on  "  the  fretful  porcupine,"  being  buoyed  up  by  bubbles 
of  hydrogen ;  and  owing  to  the  surface  tension  of  the  mercury  amal- 
gamation of  these  particles  was  difficult.  Violent  agitation  would 
sweep  the  particles  completely  away  from  the  mercury  surface^ 
whereas  gentle  agitation  would  sometimes  cause  them  to  amalgamate. 

The  experiments  demonstrated  that  there  are  serious  difficulties 
connected  with  recovering  gold  and  silver  from  cyanide  solutions 
in  the  presence  of  the  moving  ore  pulp.  Although  a  fairly  good 
recovery  by  the  method  mentioned  is  not  impossible,  a  really  satis- 
factory method  has  not  yet  been  devised. 
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In  confirmation  of  these  views  the  experiments  of  Bose^  may  be 
quoted.  Eose  found  that  with  cathodes  of  mercury  or  amalgamated 
copper,  and  with  a  current  density  greater  than  0.01  ampere  per 
square  foot,  a  part  of  the  gold  came  down  as  a  black  scum  floating  on 
the  surface  of  the  cathode  in  such  a  form  that  it  could  be  brushed 
off  with  a  feather.  In  the  successful  experiment  with  amalgamated 
copper  cathodes  there  were  used  0.7  volt,  0.01  ampere  per  square 
foot,  0.082  per  cent  KCy,  and  a  gold  content  of  20  ounces  per  ton. 
With  a  lower  density  the  plate  remained  bright,  but  the  precipita- 
tion was  extremely  slow.  In  one  test,  in  which  mercury  alone  was 
used,  and  with  a  density  ranging  up  to  0.027  ampere  per  square  foot, 
less  than  1  per  cent  of  the  gold  appeared  in  the  form  of  the  black 
scum.  With  denser  currents  fully  half  the  gold  came  down  in  the 
form  of  this  scum,  which  could  not  be  amalgamated  except  by  the 
use  of  sodium  amalgam.  When  amalgamated  copper  was  used  as 
the  cathode,  the  copper  dissolved  in  the  cyanide,  in  spite  of  the  cur- 
rent, and  caused  the  destruction  of  cyanide.  Hence,  in  view  of  the 
high  cost  of  mercury  and  copper,  and  the  difficulty  of  removing  the 
gold  from  the  copper,  the  methods  requiring  mercury  or  amalga- 
mated copper  as  cathodes  do  not  seem  to  have  a  bright  future. 

ELECTBODEPOSITION  OE  GOLD  AND  SILVEB  FBOM  GIiEAB 

CYANIDE   SOLUTIONS. 

Clear  solutions  are  obtained  by  either  decanting  or  filtering  the 
ore-bearing  solutions,  so  that  only  clear  solutions  containing  gold, 
silver,  and  possibly  other  metals,  as  double  cyanides,  have  to  be 
treated.  In  spite  of  the  difficulties  and  expense  of  decantation  and 
filtration,  these  steps  seem  to  be  necessary  for  satisfactory  results 
with  either  electric  precipitation  or  zinc  precipitation.  However, 
before  going  into  a  critical  study  of  methods,  two  questions  should 
be  answered,  namely,  What  is  the  valency  of  gold  in  cyanide  solu- 
tions? At  what  voltage  are  metals  best  precipitated  from  cyanide 
solutions? 

VALENCE  OF  GOLD  IN  ELECTROLYSIS  OF  CYANIDE  SOLUTIONS, 

It  is  generally  admitted  that  the  gold  in  cyanide  solutions  from 
ore  treatment  is  monovalent,  as  KAuCyg,  but  there  seems  to  be  a 
general  assumption  that  in  electrolysis  gold  is  always  trivalent.  In 
Foster's  electrical  engineer's  pocketbook  ^  the  atomic  weight  of  gold  is 
wrongly  given  as  195.7,  and  that  of  silver  as  107.11.  Gold  is  plainly 
stated  to  be  trivalent,  and  the  amount  precipitated  per  ampere-hour 
is  given  as  2.4512  grams,  and  the  amount  of  silver  precipitated  per 
ampere-hour  is  given  as  4.0248  grams. 

«  Rose,  T.  K.,  The  electrical  precipitation  of  gold  on  amalgamated  copper  plates :  Trans. 
Inst.  Mln.  and  Met.,  London,  vol.  8,  1900,  p.  369. 

►  CompUed  by  B.  S.  Woodward,  Jr.,  and  G.  S.  Miller,  Jr.,  1910,  p.  1280. 
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Boeber*  does  not  commit  himself  on  the  valence  of  gold,  but  gives 
the  reader  a  free  choice  among  three  values.  Roeber's  article  is  one 
of  the  best  short  statements  of  modem  electrochemical  theories.  His 
dat^  in  regard  to  silver  and  gold  are  as  follows : 

Atomic  weight  of  silver,  107.93;  valence  1,  ampere-hour  4.025 
grams. 

Atomic  weight  of  gold,  197.2;  valence  3,  ampere-hour  2.451  grams; 
valence  2,  ampere-hour  3.677  grams;  valence  1,  ampere-hour  7.35 
grams. 

"Hfitte.''  Taschenbuch  fiir  Eisenhiittenleute  (1902  edition)  gives 
for  silver:  Atomic  weight,  107.7;  valence  1,  ampere-hour  4.0269 
grams.  The  values  for  gold  are:  Atomic  weight,  196.2;  valence  3, 
ampere-hour,  2.4453  grams. 

Steinach  and  Buchner  *  give  the  following  values :  Silver,  mono- 
^ent,  ampere-hour  4.026  grams;  gold,  trivalent,  amper-hour  2.445 
grams. 

Keith  ^  says  that  gold  is  trivalent  in  cyanide  solutions. 

A(x»rding  to  the  International  Atomic  Weights  Conmiittee'  the 
itomic  weight  of  silver  is  107.93,  with  a  possible  error  not  greater 
than  ±0.01,  and  the  atomic  weight  of  gold  is  197.2,  with  a  possible 
error  not  greater  than  ±0.1.  These  values  being  assumed  to  be  cor- 
rect, if  gold  is  monovalent,  for  every  grain  of  silver  precipitated  by  a 
giTcn  current  1.837  grams  of  gold  should  be  precipitated  by  the  same 
carrent,  and  if  gold  is  trivalent,  for  each  gram  of  silver  precipitated 
there 'should  be  precipitated  only  0.612  gram  of  gold. 

Of  course  gold  is  capable  of  reacting  in  at  least  two  cyanide  com- 
pomids— KAnCyg  and  KAuCy4 — ^the  former  of  which  is  monovalent 
and  the  latter  trivalent.  In  estimating  the  electrical  efficiency  of 
cyanide  precipitations,  it  is  absolutely  necessary  to  know  which  of 
these  values  to  choose  for  the  reactions  that  take  place.  To  investi- 
gate this  matter  I  prepared  three  separate  solutions,  as  follows: 
^^o.  1  containing  250  mg.  of  silver  as  nitrate,  No.  2  containing  250 
mg.  of  silver  as  KAgCyj  and  150  mg.  of  free  KCy,  and  No.  3  contain- 
ing 100  mg.  of  gold  as  KAuCya  and  150  mg.  of  free  KCy.  The 
anodes  and  cathodes  in  solutions  1  and  2  were  both  of  pure  silver. 
In  solution  8  they  were  of  pure  gold.  Three  cells  were  thus  set  up 
in  series  with  a  storage-battery  cell  of  2  volts,  and  after  a  period  of 
1  hour  and  50  minutes  all  the  electrodes  were  weighed.  The  fol- 
lowing results  were  obtained : 


*Roeber»  £.  F.,  Standard  handbook  for  electrical  engineers,  1908,  1,280  pp. 

^Steiuadi,  Hubert,  and  Buchner,  Georg,  Die  galvlnlschen  MetallnlederschlMge,  und 
^ff^  Auifilhning,  Berlin,  1890,  268  pp. 

'Kdtli,  N.  8.,  Electrolysis  of  gold :  Jour.  Inst.  Blec.  Eng.,  vol.  24,  1895,  pp.  236-260. 

'Clarke,  F.  W.,  Seubert,  K.  E.,  and  Thorpe,  J.  E.,  Report  of  the  International  Com- 
mittee on  Atomic  Weights,  1908,  p.  6. 
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Experiment  1.  The  anode  (A)  lost  45.23  mg.,  and  the  cathode  (B) 
gained  43.22  mg.  The  silver  came  down  in  fine  crystals,  and  a  small 
proportion  of  these  was  imayoidably  lost  in  weighing,  which  ac- 
counts for  the  low  value  obtained. 

Experiment  2.  The  silver  anode  (C)  lost  45.12  mg.,  and  the 
cathode  (D)  gained  43.78  mg. 

.Experiment  3.  The  gold  anode  (E)  lost  81.52  mg.,  and  the  cathode 
(F)  gained  76.69  mg.  It  will  be  noticed  that  the  gain  in  each  test 
was  slightly  less  than  the  loss,  even  in  experiment  1,  in  which  there 
was  mechanical  loss  in  weighing  the  cathodes. 

Let  us  compare  the  gain  of  the  gold  cathode  F  with  that  of  the 
silver-nitrate  cathode  B.  Dividing  F  by  B,  we  have  1.774,  and  com- 
paring the  gain  of  the  gold  cathode  F  with  that  of  the  silver  cathode 

D,  both  values  being  in  cyanide  of  silver,  we  have  =p^  =  1.75. 

However,  as  there  might  be  a  slight  loss  in  weighing  the  cathodes, 
it  might  be  nearer  the  truth  to  compare  the  losses  of  the  anodes 
rather  than  the  gains  of  the  cathodes.  First  let  us  compare  the 
gold  loss  from  anode  E  with  the  silver  loss  from  anode  C,  both 
in  cyanide  solutions.  If  we  divide  E  by  C  the  quotient  will  be  1.807 
instead  of  1.837.  Supposing  the  metal  to  be  monovalent,  if  we 
divide  E  by  A  we  have  1.802  instead  of  1.837. 

It  must  be  evident  therefore  that  in  aurocyanide  of  potassium 
solutions  the  gold  acts  practically  as  a  monovalent  metal.  That  less 
gold  is  precipitated  than  is  dissolved  in  cyanide  solutions  is  probably 
due  to  the  presence  of  free  cyanide  of  potassium.  It  is  necessary 
however  to  have  a  certain  excess  of  cyanide,  as  if  there  is  no  excess, 
AuCyj  forms  on  the  anodes. 

Iron  is  sometimes  trivalent  and  sometimes  bivalent,  and  it  is  pos- 
sible that  similarly  gold  may  be  both  monovalent  and  trivalent.  It 
is  well  known  that  gold  does  exist  as  potassiimi  auricyanide,  but 
it  appears  that  the  aurocyanide  salt  is  much  more  stable,  the  auri- 
cyanide tending  to  break  down  into  the  aurocyanide.  However, 
there  seems  to  be  no  reasonable  doubt  that  in  estimating  the  electrical 
efficiency  in  precipitation  processes  the  gold  should  be  considered 
as  monovalent. 

VOLTAGES    AT    WHICH    THE    METAL    IS    COMPLETELY    PRECIPITATED    FROM 

CYANIDES. 

This  is  a  subject  about  which  little  has  been  published.    Frieden- 
berg*  claims  that  the  precipitation  is  as  follows: 

KiHgCy«  complete  at  1.6  volts. 
KAgCya  complete  at  1.7  to  1.8  volts. 

«  Frledenberg,  Ztschr.  Phys.  Cbem.,  Bd.  12,  1891,  p.  97. 
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KAuGya  complete  at  1^  volts. 

KaCuCy4  (with  1  to  1  part  KGy)  at  2  volts. 

KCaGYs  (with  10  to  15  parts  KGy)  at  2.5  volts. 

Some  precipitation  is  possible  at  lower  voltages  than  these. 
Theoretically,  complete  precipitation  would  require  an  infinite  volt- 
age, but  what  is  meant  by  the  author  quoted  is  precipitation  suffi- 
ciently complete  for  quantitative  purposes.  From  my  experience  I 
consider  the  voltage  given  for  copper  entirely  too  low.  Experi* 
ence  shows  that  much  depends  on  the  amount  of  free  cyanide  and 
other  salts  present. 

The  fibres  cited  are  to  be  regarded  only  as  lower  limits.  The 
author  states  that  the  precipitation  is  slow  at  these  voltages  and  pre- 
fers to  use  2.5  volts  for  gold.  The  figures  explain  the  low  results 
obtained  in  the  experiments  with  the  Keith  process  in  which  an 
average  voltage  of  only  0.75  was  used. 

SIEMENS  A  HAIrf^KW  PROCESS. 

In  1888  Wemher  von  Siemens  first  applied  for  patents  (Heirs  of 
E.  W.  von  Siemens,  U.  S.  patent  601068,  Mar.  22,  1898)  for  his 
process  of  electrical  precipitation  which  seems  not  to  have  been  intro- 
dooed  on  a  working  scale  until  1893.  The  process  had  previously  been 
patented  in  the  Transvaal  under  date  of  July  7,  1892,  patent  397. 
The  patent  covers  both  the  method  and  the  apparatus,  according  to 
the  patent  laws  then  in  force.  The  precipitation  method  claimed  is 
as  follows:  ^^A  method  of  extracting  gold  from  a  weak  (^anide 
solution,  which  consists  in  circulating  the  solution  over  anodes  of 
iron  and  cathodes  of  lead.  Said  cathodes  being  formed  of  thin 
plates  arranged  at  short  distances  apart,  and  have  from  9  to  10 
square  feet  of  surface  for  each  ton  of  solution  in  contact  with  them. 
Said  solution  while  in  motion  is  subjected  to  an  electrical  current 
of  from  ^  to  4  volts  and  0.5  to  1.5  amperes  per  square  meter  of 
cathode  surface  substantially  as  set  f orth.'^  It  will  be  observed  that 
the  claims  aUowed  are  not  general  but  are  much  restricted  in  their 
nature. 

The  Siemens  process  was  first  introduced  in  South  Africa  through 
the  agency  of  Charles  Butters,  and  although  the  patent  shows  a 
centrifugal  pump  as  the  means  of  continuously  circulating  the  solu- 
tum  through  the  deposition  box,  this  was  soon  abandoned  and  the 
process  was  applied  by  constructing  long  boxes  to  allow  the  gold  and 
silver  to  be  deposited  sufficiently  by  a  single  flow  through  the  box. 
The  anodes  were  of  iron,  and  were  placed  3  inches  from  the  cathodes, 
which  were  made  of  thin  strips  of  lead.  As  soon  as  2  to  12  per  cent 
of  the  gold,  or  on  an  average  7  to  8  per  cent,  had  been  deposited  on 

55372"— Bull.  150—19 2 
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the  lead  cathodes,  the  lead  strips  were  taken  out  from  the  cells, 
melted  down,  and  cupelled. 

This  process,  popularly  known  as  the  "  Siemens  &  Halske  process," 
was  used  for  a  long  time  in  the  Transvaal  in  competition  with  pre- 
cipitation by  zinc  shavings,  and  was  fairly  successful  there  under 
the  management  of  Mr.  Butters.  However,  after  he  left  the  Trans- 
vaal, the  method  was  gradually  replaced  by  precipitation  by  zinc 
shavings,  the  latter  method  having  been  greatly  improved.  For 
some  time  the  Siemens  &  Halske  process  has  been  substantially  aban- 
doned in  Africa.  In  a  modified  form,  mentioned  later,  electrical  pre- 
cipitation is  still  used  by  Mr.  Butters  in  several  of  the  mines  under 
his  management 

One  difficulty  with  the  Siemens  &  Halske  process  was  tlie  large 
size  of  the  box  necessary  for  effective  precipitation.  Mr.  Butters 
told  me  that  when  he  first  constructed  the  cells  some  of  his  English 
friends  asked^  "Are  you  constructing  stalls  for  horses?"  The  cells 
were  large  enough  to  have  been  used  for  that  purpose.  One  of  the* 
reasons  for  the  large  size  was  the  necessity  of  avoiding  short  circuits. 
These  were  liable  to  be  encountered  owing  to  the  fact  that  the  anodes, 
in  the  presence  of  sulphates  and  chlorides,  contained  in  the  solution, 
soon  became  coated  with  warty  growths  of  hydrate  and  hydrated 
<;arbonate  of  iron  and  prussian  blue.  Hence  a  3-inch  space  was  left 
between  the  anodes  and  the  cathodea  The  maximum  daily  capacity 
was  not  usuallv  more  than  5  tons  of  solution  treated  to  each  box  hold- 
ing  1  ton  of  solution,  and  the  volume  treated  was  usually  much  less. 

There  have  been  many  descriptions  of  the  Siemens  &  Halske  process, 
but  most  of  them  omit  some  detail  necessary  for  calculation  of  the 
electrical  efficiency.  The  most  complete  description  of  the  essential 
details  of  the  process  that  I  have  been  able  to  find  is  that  by  Richards.* 

There  were  four  deposition  boxes,  each  30  feet  long  by  4*  feet  9 

inches  wide  and  3  feet  deep.    Each  box  contained  110  iron  anodes 

and  110  cathodes  formed  of  bags  containing  6  to  10  pounds  of  lead 

shavings  the  extent  of  the  surface  of  which  is  problematical.    The 

tanks  were  electrically  coupled  in  series,  2.5  volts  being  required  for 

each.   The  current  was  200  amperes.    Each  box  held  about  14  tons  of 

solution,  or,  allowing  for  the  electrodes,  10  to  12  tons,  so  that  the 

capacity  of  a  box  holding  1  ton  of  solution  would  have  been  4  to  5 

tons  a  day.    The  heads  assayed  80  and  the  tails  15  grains  gold. 

Hence,  only  about  81.5  per  cent  of  the  gold  content,  weighing  3,250 

grains  (0.464  pound  or  0.21  kilogram) ,  was  precipitated  at  this  rate 

of  flow  per  day.    Prof.  Richards  comments  as  follows : 

That  this  is  an  insignificant  amount  for  the  current  passing  (200  amperes), 
which  should  theoretically  deposit  34.56  kilograms  in  each  box,  is  patent  to  the 

•  Richards,  J.  W.,  The  cyanide  process  for  the  treatment  of  |rold  ores :  ^opr.  J^ranklln 
Jnst,  yol.  148,  February,  1897,  p,  9Q. 
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etectrometallurgist,  the  yield  being  only  0.6  per  cent,  but  it  must  be  remembered 
that  the  extraordinarily  dilute  solution  used  will  not  yield  up  its  gold  any  faster 
ud  that  it  must  be  electrolyzed  slowly  to  get  any  sort  of  correspondence  be- 
tween the  power  used  and  the  gold  obtained. 

Under  the  conditions  of  the  Siemens  &  Halske  process  this  state- 
ment is  true,  but,  as  shown  later,  under  the  right  conditions  better 
results  can  be  obtained. 

If  we  assume  as  correct  that  7.35  grams  of  gold  should  be  precipi- 
tated in  1  ampere-hour,  it  follows  that  200  amperes  should  precipitate 
1,4T0  grams  each  hour,  or  in  24  hours  there  should  have  been  pre- 
cipitated 35J28  kg.  instead  of  0.21,  showing;  that  the  efficiency 
was  only  0.59  per  cent,  which  is  essentially  the  same  as  that  of  Prof. 
Richards,  who  seemingly  used  a  different  constant.  The  gold  re- 
covery also  is  rather  low,  there  being  a  reduction  only  from  $4.26  to 
^)M  per  ton. 

Julian  and  Smart's  excellent  book,^  giving  details  of  the  Siemens 
t  Halske  method  of  electrical  precipitation,  has  been  carefully  ex- 
amined to  see  whether  it  presented  data  that  could  be  used  in  calculat- 
ing the  electrical  efficiency  of  the  process.  Although  Table  31  con- 
tains 18  colunms  of  data,  it  is  not  complete  enough  for  a  reliable 
calculation  of  the  electrical  efficiency. 

However,  by  making  some  assumptions,  approximations  may  be 
passible. 

Thus  a  high  precipitation  is  cited  as  being  obtained  at  the  Croesus 
worb  where  seemingly  the  gold  content  is  said  to  be  reduced  from 
48  grains  to  a  trace.  However,  the  authors  do  not  state  the  current 
density  per  square  foot  of  cathode  surface,  but  it  probably  was  not 
higher  than  that  cited  for  other  operations,  namely,  0.04  ampere  per 
square  foot.  Only  one  precipitation  box,  containing  38.8  tons  of 
solution,  was' used,  50  tons  being  treated  in  24  hours.  On  the  basis 
of  a  1-ton  box  the  rate  would  be  1.29  tons  of  solution  per  24  hours. 
The  cathode  area  is  given  as  7,680  square  feet.  If  we  assume  the 
current  density  to  be  0.04  ampere  per  square  foot  we  shall  have  307 
tmperes,  or  7,368  ampere-hours,  a  day.  Precipitation  should  then 
be  at  the  rate  of  7.35  grams  of  gold  per  ampere-hour,  or  54.155  kg. 
of  gold.  The  heads  are  said  to  have  contained  48  grains  and  the 
^ails  a  trace.  If  we  assume  all  of  the  gold,  48  grains  per  ton,  to 
liave  been  precipitated,  the  recovery  for  the  50  tons  of  solution  would 
ke  2,400  grains,  or  0.156  kg.  of  gold  actually  precipitated.  Dividing 
0.156  by  54.155  gives  only  0.288  per  cent  as  an  electrical  efficiency. 
Hence,  although  the  recovery  is  rather  high,  the  capacity  per  ton  of 
box  capacity  is  only  1.3  tons  of  solution  a  day,  and  the  electrical 
efficiency  is  less  than  0.3  per  cent,  which  is  one-half  that  calculated 
by  Richards. 


Wollftn,  H.  p.,  and  Smart,  Ed^ar,  Cyanldlny  ^old  and  silver  ores,  1904,  p.  143, 
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The  figures  as  presented  by  Julian  and  Smart  for  the  May  Con- 
solidated plant  may  next  be  considered.  Two  results  are  given — ^the 
one  covering  the  solution  coming  from  the  sand  tank,  and  the  other 
covering  the  solution  from  the  slimes.  In  the  sand  tank  6  boxes  were 
used,  containing  133.2  tons  of  solution.  These  treat  300  tons  a  day. 
Consequently  the  capacity  on  the  basis  of  a  1-ton  box  is  2.25  tons  a 
day.  The  cathode  surface  is  not  given.  If  we  assume  it  to  be  the 
same  as  the  anode  surface,  18.824  square  feet,  with  a  current  density 
of  0.04  ampere,  we  shall  have  a  total  of  558  amperes,  or  in  24  hours, 
13,271  ampere-hours.  This  current  should  precipitate  97.542  kg.  of 
gold.  As  a  matter  of  fact  the  head  solution  assayed  120  grains  of 
gold  per  ton  and  the  tail  solution  18  grains,  or  there  was  precipitated 
102  grains  per  ton.  For  the  300  tons,  with  the  weights  converted  to 
kilograms,  there  was  precipitated  1.982  kg.  of  gold,  or  the  electrical 
efficiency  was  2.03  per  cent,  according  to  the  data  given  and  the 
assumptions  here  made.  But  it  is  altogether  probable  that  the 
cathode  surface  was  much  larger  than  that  of  the  anodes.  Hence  the 
efficiency  would  be  much  less  than  that  stated.  The  precipitation  is 
rather  high,  being  over  93  per  cent,  but  the  capacity  is  low,  being 
one-half  of  what  I  obtained  with  my  experiments  at  Bodie. 

Considering  the  May  Consolidated  slime  plant,  we  find  that  the 
solution  was  treated  in  four  boxes,  containing  181  tons,  in  which  320 
tons  was  treated  each  day.  At  this  rate  a  1-ton  box  would  havie  a 
capacity  in  24  hours  of  1.73  tons,  a  lower  rate  than  was  obtained 
from  the  sand  solution.  There  was  16,892  square  feet  of  anode  sur- 
face. The  cathode  surface  is  not  given,  but  was  probably  larger 
than  that  of  the  anode  surface,  and  if  the  surface  of  each  be  assumed 
to  have  been  the  same,  with  a  current  density  of  0.04  ampere,  the 
daily  current  of  16,220  ampere-hours  thus  obtained  should  have  pre- 
cipitated 119.22  kg.  of  gold..  As  a  matter  of  fact  the  head  solution 
contained  only  24  grains  of  gold  and  the  tail  solution  2.4  grains. 
There  was  actually  recovered,  per  ton,  21.6  grains  of  gold,  or,  from 
320  tons  there  was  precipitated  0.448  kg.  of  gold. '  This  when  divided 
by  119.2  gives  only  0.376  per  cent  electrical  efficiency.  If,  as  is 
probable,  the  cathode  surface  was  larger  than  the  anode  surface,  the 
electrical  efficiency  would  be  still  lower. 

MOLLOT  PROCESS. 

The  following  description  of  the  MoUoy  process  is  taken  from 
Julian  and  Smart:  ^ 

This  process  was  patented  in  the  Transvaal  in  1892  by  B.  O.  MoUoy,  where 
it  was  employed  for  some  months.  It  consists  in  passing  the  gold-bearing  solu- 
tion over  a  surface  of  mercury  in  which  sodium  was  continuously  deposited. 

'Julian,  H.  F.,  and  Smart,  Bd^r,  Cyanidin^  ^old  and  silver  ores,  1904,  p.  158, 
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Ad  logenloiisly  derlaed  apparatiis  was  employed  wbich  cooaisted  of  a  large 
shallow  tray  covered  with  mercury,  down  the  center  of  which  was  a  narrow 
compartment,  with  sides  that  dipped  slightly-  Into  the  mercary.  In  this  com- 
partment was  placed  a  strong  solution  of  sodium  carbonate  which  was  electro- 
lyied,  the  mercury  at  the  bottom  being  the  cathode^  and  the  anode  was  of 
pefoxidlzed  lead.  As  the  sodium  deposited  and  accumulated  in  the  mercury 
within  the  compartment  it  difFused  to  the  mercury  on  the  outside,  over  which 
a  constant  stream  of  gold-bearing  solution  was  kept  flowing.  The  gold-bearing 
molecules  dissolved  as  they  came  In  contact  with  the  sodium  amalgam  surface, 
wa«  decomposed,  and  gold  amalgam  formed. 

Tbe  process  was  ably  developed  by  Dr.  A.  Simon,  who  employed  It  on  a 
working  scale  in  the  treatment  of  tailings  on  Witwatersrand  in  IBOS^-M 

Tbe  weak  point  of  the  the  process  lies  in  the  dlfllcnlty  of  getting  a  sniBciently 
large  electrode  surface  for  the  solution  to  come  lil  contact  with,  without  unduly 
increasing  the  amount  of  mercury  handled.  Thus,  if  the  area  of  a  surface 
required  to  reduce  a  5  dwt  soluton  down  to  1  dwt  was  1,  that  to  reduce  a 
1  dwt  solution  down  to  5  grs.  would  have  to  be  somewhere  about  25  with  the 
ffime  rate  of  flow,  showing  how  enormously  the  area  has  to  be  Increased  as 
flie  tohitloii  becomes  impoverished.  This  difficulty  may,  however,  be  got  over, 
to  some  extent,  by  agitating  the  solution  rapidly  over  the  sodium  amalgam 
sorface  as  it  flows,  by  me<?hanlcal  means.  The  efilclency  of  sodium  amalgam 
aa  a  precipitant  Is  small,  but  when  employed  in  a  dilute  state,  as  In  the  MoUoy 
process,  It  compares  favorably  with  the  electrical  precipitation  processes  of 
Unlay.  Sodium  amalgam  is  said  to  act  on  KGy  in  solution  forming  complexes, 
bot  hi  dilute  working  solution  this  action  is  inappreciable. 

I  have  obtained  good  precipitation  by  this  method  so  long  as  the 
capacity  was  limited,  but  the  moment  it  was  pushed,  the  extraction 
feU  off.  Of  course,  all  the  objections  to  the  use  of  mercury  apply. 
The  process  seems  to  have  been  abandoned. 

VABIOUS  OTHER  PATENTED  PROCESSES. 

Johannes  Pfleger,  British  patent  16787,  September  6,  1895. — ^The 
inventor  uses  cathodes  composed  of  shavings,  wire,  powder,  or  shot 
and  presenting  a  large  surface.  He  prefers  iron-wire  cloth  of  -^-inch 
to  i-inch  mesh,  but  finds  that  10  to  30  wires  per  linear  inch  answer 
the  requirements.  The  specifications  show  a  deposition  box  contain- 
ing an  interior  compartment  filled  with  wire  cloth,  and  provided  with 
transverse  partitions  so  arranged  as  to  force  the  solution  alternately 
down  and  up  through  the  wire  cloth.  On  either  side  of  this  interior 
compartment  are  two  outer  .compartments  separated  from  the  inner 
one  by  diaphragms.  Outside  the  diaphragms  the  vessel  contains  a 
Lto  5  per  cent  solution  of  soda,  and  in  this  latter  solution  zinc-plate 
anodes  are  placed,  forming  with  the  cathodes  a  galvanic  cell.  This 
cell,  when  tbe  anodes  and  the  cathodes  are  connected,  forms  a  circuit 
whidi,  it  is  claimed,  will  rapidly  cause  the  metal  to  be  deposited  on 
the  wire  doth,  and  the  zinc  plates  to  dissolve  in  the  soda  solution. 
It  is  evident  that  in  this  apparatus  no  exterior  electrical  power  is 
oaed.    The  electromotive  force  available  is  limited  to  0.6  to  1  volt. 
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Julian  and  Smart »  give  the  capacity  of  a  1-ton  box  as  16  tons  per  24 
hours.    The  process  seems  to  have  been  abandoned. 

Oscar  Froelich,  U.  S.  Patent  556092,  March  10,  1896.— Lead  cath- 
odes and  carbon  anodes  are  used.  The  current  density  is  6  amperes 
per  square  yard.    The  solution  is  seemingly  clear. 

Rudolf  Keck,  U.  S.  Patent  566986,  September  1, 1896.— Clear  solu- 
tion, lead  anodes,  and  aluminum  cathodes. 

Emile  Andreoli,  U.  S.  Patent  568724,  October  6,  1896.— An  appa- 
ratus for  the  electrical  deposition  of  gold  and  silver  in  a  tank  pro- 
vided with  one  or  more  anodes  and  a  series  of  amalgamated  cathodes. 
Each  cathode  consists  of  a  pervious  skeleton  of  knit- wire  plates  upon 
a  layer  of  mercury  in  the  bottom  of  the  tank,  into  which  the  cathode 
dips.  This  patent  discloses  the  use  of  peroxidized  lead  as  anodes. 
The  solution  used  is  clear.  Anodes  are  contained  in  compartments 
separated  from  the  cathodes  by  permeable  membranes.  According  to 
the  description,  only  two  anodes  are  used.  The  inventor  places  the 
anodes  on  the  sides  of  the  tank.  The  cathodes  dip  into  a  bath  of  mer- 
cury at  the  bottom.  The  use  of  the  network  of  wire  gauze  is  specified. 
The  diaphragms  are  made  preferably  of  porous  asbestos  or  kieselguhr 
(infusorial  earth)  porcelain,  but  woven  tissues  stretched  on  frames 
may  be  used.  It  is  specifically  stated  that  the  porous  partitions  may 
be  omitted,  and  that  the  cathodes  may  be  placed  crosswise,  one  per- 
forated anode  being  used  for  12  to  15  cathodes.  The  patent  shows  a 
great  advance  in  the  art,  particularly  the  use  of  peroxidized-lead 
anodes,  which  is  a  valuable  discovery.  The  use  of  the  wire  cloth  is 
also  good,  but  the  process  necessitates  the  use  of  a  large  volume  of 
quicksilver  in  the  bath,  which  is  a  serious  disadvantage,  although  it 
is  "convenient  in  making  the  electrical  connections.  However,  the 
process  does  not  appear  to  be  practicable  on  account  of  the  great  diffi- 
culty of  removing  the  gold  and  silver  from  the  cathodes. 

Andreoli  *  has  written  an  interesting  article  on  the  electrical  depo- 
sition and  recovery  of  gold.  In  this  article  he  explains  his  discov- 
ery of  the  peroxidized-lead  anode.  He  states  that  this  anode  was  not 
the  result  of  research  or  study,  but  wasi  simply  a  chance  discovery. 
His  first  plates  were  made  according  to  tha  Plante  method,  but,  at 
present,  he  prefers  to  use  plumbate  of  soda  repeatedly  to  coat  the 
plates  with  peroxidized  lead.  When  so  treated  the  plates  are  drawn, 
washed,  and  placed  in  a  strong  solution  of  cyanide  of  potassium, 
where,  under  a  heavy  current,  they  become  hard  and  acquii-e  a  crystal- 
line appearance.  In  reference  to  his  process  Andreoli  states :  "  I  was 
soon  disappointed  when  I  was  told  that  no  one  in  mining  districts 

would  care  much  to  adopt  such  a  process  which  involved  too  much 

- 

•  Julian,  H.  F.,  and  Smart,  Edgar,  Cyaniding  gold  and  silver  ores,  1904,  p.  120. 
^  Andreoli,  E.,  Electrodeposition  and  recovery  of  gold :  Jour.  Soc.  Chem.  Ind.,  vol.  16, 
Feb.  27,  1897,  pp.  96-97. 
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trouble  in  distilling  the  mercury  BJod  cleaning  the  plates  in  order  to 
recover  the  gold  amalgamated  with  it.''  He  therefore  altered  the 
process  by  using  cathodes  of  iron  plates,  upon  which(  the  gold  and 
silver  were  deposited.  He  then  recovered  the  gold  and  silver  from 
the  iron  plates  by  dipping  them  in  molten  lead,  whereupon  the  gold 
and  silver  alloyed  with  the  lead  and  the  plates  were  stripped.  How- 
er»-,  the  iron  plates  are  said  to  have  become  warped  by  the  treatment 
with  the  hot  lead,  so  that  they  easily  produced  short  circuits.  The 
only  part  of  the  Andreoli  process  that  has  been  permanently  adopted 
is  die  use  of  the  peroxidized-lead  anode& 

Max  Netto,  TT.  S.  Pat«ttt  573288,  December  16, 1896— This  process 
consists  in  precipitating  silver  and  gold  from  alkali-cyanide  solu- 
tions by  acidulating  with  hydrochloric  acid  so  as  to  precipitate  silver 
diloride,  separating  the  precipitated  silver  chloride  by  filtration 
from  the  solution,  aiid  subjecting  the  acid  filtrate  to  the  action  of 
an  electric  current  so  as  to  deposit  the  gold  on  the  cathode.  The 
inventor  regenerates  the  cyanide  solution  by  the  addition  of  caustic 
alkali 

Precipitation  of  silver  and  gold  in  the  presence  of  cyanide  of 
potassium  by  hydrochloric  acid  is  seldom  complete.  If  the  solution 
is  high  in  cyanide  and  low  in  gold  no  precipitation  of  gold  occurs; 
bat  if  the  solution  contains  a  small  amoimt  of  cyanide  and  a  large 
amount  of  gold  and  silver,  a  certain  amount  of  gold  always  comes 
down  with  the  silver.^  On  account  of  these  reasons  and  the  cost  of 
the  acid  and  alkali,  it  would  seem  that  the  process  is  hardly  practi- 
cable, except  where  acid  and  alkali  are  much  cheaper  than  cyanide. 

J.  F.  Webb,  U.  S.  Patent  685492,  June  29,  1897— A  method  and 
apparatus  for  separating  precious  metals  from  their  solvent  solu- 
tions. The  specifications  show  a  box  containing  alternate  vertical 
colunms  of  zinc  shavings  and  carbon.  The  carbon  is  said  to  be 
either  charcoal  or  coke.  The  solution  passes  down  through  the  char- 
coal and  up  through  the  zinc,  the  first  compartment  containing  car- 
bon and  the  last  one  zinc.  The  terminal  ccdumns  of  carbon  and  zinc 
aie  connected  by  wire,  and  electrical  action  between  the  carbon  and 
the  zinc  is  claimed.  The  inventor  does  not,  however,  rely  upon  this 
connection  alone,  claiming  that  the  zinc  and  charcoal  act  sufficiently 
without  the  connection.  As  ordinary  charcoal  is  not  a  conductor  of 
electricity,  there  can  be  here  electrical  action  only  between  the  coke 
and  the  zinc,  and  the  use  of  an  external  source  of  current  for  the 
process  can  not  be  claimed.  Practically  only  local  action  can  take 
place. 

E.  Andreoli,  U.  S.  Patent  698193,  February  1,  189&— An  appa- 
ratus for  the  electrical  deposition  of  gold,  silver,  and  other  precious 

*  See  Christy,  S.  B.,  Solution  and  precipitation  of  cyanide  of  gold :  Trans.,  Am.  Inat. 
ttning,  Bng.,  yol.  26,  1806,  pp.  747-748. 
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metals.  The  inventor  uses  anodes  of  peroxidized  lead  acting  in  the 
presence  of  and  in  combination  with  the  cyanide  solution.  The 
cathodes  are  made  of  perforated  zinc  plates. 

The  first  great  improvement  over  the  Siemens  &  Halske  process 
was  the  introduction  of  the  peroxidized  lead  anodes  discovered  by 
Andreoli.  When  the  lead  plate  was  covered  with  a  perfectly  con- 
tinuous film  of  peroxide  of  lead  the  anodes  were  practically  unat- 
tacked  by  the  cyanide  solution,  but  whenever  this  film  became  broken, 
so  as  to  expose  the  metallic  lead,  a  white  funguslike  growth  of 
hydrate  and  cyanide  of  lead  formed  upon  the  lead  which  was  almost 
as  destructive  as  the  hydrate  of  iroa  that  forms  on  the  iron  plate. 
When  this  acticm  takes  place,  lead  anodes  are  soon  corroded  and 
finally  fall  to  pieces.  Mercury  also  rots  lead  plates  and  soon  de- 
stroys them.  Experiments  that  I  have  made  show  that,  in  cyanide  of 
potassium,  the  peroxide-of-lead  anodes  are  practically  unacted  on 
when  new,  but  that,  in  the  presence  of  potassic  hydrate,  they  dissolve 
slightly  and  a  trace  of  lead  comes  down  on  the  cathode. 

The  solubility  of  PbO,  inKCy  and  KHO  was  shown  in  experi- 
ments made  November  26, 1900.  I  took  as  an  anode  an  old  peroxidized 
plate  from  a  storage  battery  and  as  a  solution  0.2  per  cent  potassium 
cyanide.  As  a  cathode  I  used  a  platinum  sheet  6^  by  8  centimeters. 
The  weight  of  the  platinum  cathode  before  treatment  was  18.6734: 
gram&  When  treated  with  a  voltage  of  4  volts  and  a  current  of 
0.068  to  0.11  ampere  for  two  hours  the  cathode  of  platinum,  which 
had  previously  been  carefully  cleaned,  actually  lost  2  mg.  in  weight. 
This  result  was  typical  of  many  experiments,  and  the  results  of  other 
experimenters  show  similarly  a  slight  loss  of  platinum  from  cathodes 
in  cyanide  electrolysis.  Certainly  at  this  time  no  lead  was  deposited. 
To  the  solution  was  then  added  KHO  to  bring  the  total  to  0.1  per 
cent  free  KHO.  For  two  hours  the  voltage  was  again  4,  and  the 
current  0.171  to  0.070  ampere.  The  gain  in  weight  of  the  platinum 
cathode  was  0.7  mg.,  caused  probably  by  deposited  lead.  I  then 
added  salt  to  make  0.2  per  cent  NaCl  and  continued  the  treatment  for 
16  hours  with  a  voltage  of  3.7  to  3.42  volts,  and  a  current  at  0.2  to 
0.56  ampere.  The  gain  in  weight  of  the  cathode  was  8.2  mg.  The 
conclusion  was  that  dilute  solutions  of  KCy  do  not  alone  attack 
peroxide  of  lead  in  two  hours,  but  that  KCy  containing  KHO  and 
NaCl  do  attack  it  slightly. 

Kern**  claims  that  peroxidized  lead  anodes  fail,  owing  to  the 
electrolyte  attacking  the  lead  through  the  pores  in  the  peroxide  coat- 
ing, but  I  believe  this  to  be  more  likely  due  to  cracks  in  the  brittle 

coating  of  peroxide  caused  by  the  easy  bending  of  the  lead  within. 

■  ■  ■  ■ 'I ■.. .  ■  — 

•  Kern,  E.  F.,  Electrolysis  of  cyanide  solution :  Trans.  Am.  Mectrochem.  Soc»  vol.  24, 
1918.  pp.  241-^70. 
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N.  S.  Keith,  U.  S.  patent  597820,  July  25,  1898— A  process  for 
treatmg  ore  with  a  cyanide  solution  ^containing  cyanide  of  mercury. 
The  gold  and  silver  are  recovered  from  the  filtered  solution  by  pass- 
ing a  current  of  electricity  of  less  than  1  volt  through  suitable  anodes 
imd  cathodes  upon  which  the  metal  deposits  as  a  coating  of  amal- 
gam. I  saw  this  process  in  operation  in  the  year  1898.  The  ores 
came  from  Cripple  Creek,  Colo.,  and  were  treated  at  Cyanide,  Colo. 
The  anodes  and  cathodes  were  both  of  sheet  iron,  and  the  solution 
passed  alternately  up  and  down  between  the  electrodes. 

EXPERIMENTS  WFTH  KEFTH  PROCESS  AT  CYANIDE,  COLO. 

I  am  indebted  to  Mr.  Philip  Argall  for  the  following  data  on  the 
Qse  of  the  Keith  process.  From  March  31  to  April  9,  15  tons  of 
solution  was  used  to  treat  88  tons  of  ore,  the  precipitated  solution 
being  used  over  again.    The  precipitation  process  is  of  chief  interest. 

The  precipitation  was  conducted  in  a  tank  12.5  by  3  by  4  feet, 
having  a  total  content  of  150  cubic  feet,  or  containing  about  5  tons 
of  soluticm.  It  treated  7  to  18  tons  a  day,  or  an  average  of  10  tons.  ' 
That  is,  a  1-ton  tank  would  have  had  a  capacity  of  about  2  tons  in 
24  hours.  The  anodes  and  cathodes  were  of  sheet  iron  4  by  3  feet. 
There  were  50  cathodes  so  that  the  total  area  on  both  sides  was 
1^  square  feet.  As  there  were  20  amperes  flowing  through  the 
box,  the  current  density  was  about'  0.017  ampere  per  square  foot. 
The  potential  varied  from  0.5  to  0.9,  averaging  0.75  volt. 

From  March  31  to  April  9,  the  solution  treated  was  used  in  leach- 
ing ore.  During  this  time  the  solution  entering  the  box  ran  from 
1.605  -to  0.215  ounces  of  gold,  and  that  leaving  the  box  ran  from 
0585  to  0.107  ounce.  On  two  days  it  left  the  box  richer  than  it 
entered,  but  as  no  record  is  given  of  voltage  and  amperes  for  those 
days  there  may  have  been  a  defect  in  the  current.  The  best  precipi- 
tation was  76  per  cent  (the  first  day) ;  the  precipitation  varied  from 
that  figure  to  15  per  cent  and  less,  or  even  to  negative  value. 

From  April  10  to  21  the  solution  was  no  longer  used  to  treat  ore,  but 
was  pumped  back  to  a  tank  and  allowed  to  flow  repeatedly  through 
the  box  at  the  rate  of  10  tons  per  day  to  indicate  what  the  precipita- 
tion process  could  do.  In  12  days  gold  content  of  the  heads  was 
rednced  from  0.135  to  0.050  ounce.  The  solution  was  treated  at  the 
rate  of  2  tons  a  day  in  a  1-ton  box,  or  of  12  to  22  pounds  per  24  hours 
per  square  foot  of  cathode  surface.  As  the  box  was  12.5  feet  long  and 
there  were  51  anodes  and  50  cathodes,  the  average  distance  between 
the  electrodes  was  1.5  inches.  The  same  solution  when  afterwards 
passed  only  once  through  boxes  of  zinc  shavings  was  reduced  to 
0.015  ounce,  or  about  30  cents  a  ton.  The  original  solution  used  by 
Prot  Keith  contained  0.19  per  cent  KCy  and  0.66  per  cent  NaHO, 
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and  the  final  solution  contained  0.04  per  cent  KCy  and  0.155  per  cent 
NaHO.  There  was  used  also  12  pounds  of  HgO.  Mr.  Argall  com- 
ments as  follows : 

During  deposition  a  black  deposit  collected  on  the  cathodes,  interfering  with 
precipitation.  This  deposit  had  to  be  cleaned  off  three  times.  The  material 
collected  was  chiefly  of  a  graphitic  nature,  oxide  of  mercury  and  gold.  The 
gold  recovered  from  the  black  mud  amounted  to  25.7  per  cent  of  the  total  gold 
recovered. 

The  mercury  appeared  to  be  the  first  metal  deposited;  consequently,  the 
plates  from  the  center  to  the  end  of  vat  were  very  hard,  and  the  amalgam  was 
extremely  diflicult  to  remove.  When  I  decided  to  make  a  conjplete  clean-up 
and  abandon  the  process,  some  5  pounds  of  mercury  oxide  was  dissolved  in  the 
solution  to  soften  the  plates,  and  even  with  this  addition  of  mercury  it  took  two 
men  one  week  to  clean  50  plates,  and  when  they  had  scoured  off  all  the  deposit 
possible,  using  mercury  freely  in  rubbing  the  plates,  there  still  remained  on  or 
in  the  plates  41.5  per  cent  of  the  total  gold  recovered.^ 
Recapitulation : 

Percent. 

€k>ld  recovered  as  amalgam 82.8 

Gold  recovered  as  mud« 25.7 

Plates  in  1  per  cent  cyanide  solution 41. 6 

The  cathodes  were  attacked  and  pitted  somewhat.  The  anodes  did  not  show 
much  action,  though  a  little  Prussian  blue  appeared  in  places. 

The  result  of  this  test  led  to  the  abandonment  of  the  Keith  process. 
Seemingly,  the  small  amount  of  action  on  the  anodes,  which  were 
nearly  covered  with  a  thin,  hard  scale  of  ferric  oxide,  was  due  to  the 
low  voltage  used.  This  was  always  less  than  1  volt.  Curiously 
enough,  the  best  precipitation  was  from  a  rich  solution,  on  the  first 
day,  when  the  voltage  recorded  was  only  0.5  volt.  According  to 
Mr.  Argall  the  mercuric  cyanide  seemed  slightly  to  hasten  the  solution 
of  the  gold,  but  not  sufficiently  to  justify  its  use.  This  has  been  de- 
nied. Mr.  Claude  Vautin  states  that  experiments  in  Hungary 
(1893-95)  showed  that  the  use  of  mercuric  cyanide  actually  retarded 
the  solution  of  the  gold.  I  think  that  it  probably  retarded  the  pre- 
cipitation of  the  gold. 

In  the  light  of  further  experience  there  were  shown  to  be  three 
serious  defects  in  the  process  as  conducted.  First,  the  voltage  was 
too  low.  The  good  results  obtained  upon  the  first  day,  with  0.5  volt, 
were  doubtless  due  to  the  fact  that  the  cathodes  were  of  naked  iron; 
but  as  soon  as  the  cathodes  became  coated  with  gold,  a  back  electro- 
motive force  operated  to  oppose  further  deposition  of  gold.  The 
second  defect  was  the  use  of  mercury,  the  surface  tension  of  which 
increased  the  difficulty  of  precipitation.  The  third  defect  was  the 
sluggish  circulation.  The  difficulties  of  the  clean-up  would  largely 
disappear  in  regular  work,  just  as  they  do  in  the  use  of  amalgamated 
copper  plates.    It  would  be  as  difficult  finally  to  clean  them. 

*  This  was  subsequently  recovered  by  soaking  the  plates  in  a  1  per  cent  KCy  solo- 
tion. — Author. 
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ratST.  UBVELOPMENT  OF  THE  CHRISTY  PROCESS. 

When  I  first  looked  into  the  electrodeposition  of  gold  and  silver 
from  cyanide  solutions  it  seemed  to  me  that  the  low  ampere-hour 
effici^icy  in  the  Siemens  process  was  a  fatal  bar  to  the  success  of 
electrical  deposition,  and  I  was  not  surprised  that  the  process  was 
abandoned  in  South  Africa  shortly  after  Mr.  Butters  left  there. 
Bat  in  discussing  the  matter  with  the  late  Stephen  D.  Field,  the 
well  known  electrical  engineer,  my  attention  was  called  to  the  fact 
that  the  ordinary  telephone  has  less  than  1  per  cent  of  electrical 
efficiency,  and  yet  it  is  one  of  the  most  successful  of  modern  inven- 
tions. This  suggestion  caused  me  to  attack  the  problem  with  re- 
newed interest,  as  I  thought  the  method  might  still  be  made  effective 
if  given  more  careful  study.  Siemens  was  well  aware  of  the  im- 
portance of  having  a  large  electrode  area,  and  he  especially  calls  at- 
tention to  the  importance  of  increasing  this  rather  than  the  voltage 
of  the  bath. 

I  soon  came  to  the  conclusion  that  all  electrical  processes  that  used 
quicksilver,  either  in  the  liquid  form  or  in  the  form  of  amalgamated 
plates,  except  for  treating  free  gold,  coarse  enough  to  overcome  the 
sorface  tension  of  the  mercury,  were  not  likely  to  be  successful  with 
cyanide  solutions.  Such  processes  involve  the  use  of  a  large  amount 
of  expensive  metal,  difficult  to  handle  without  loss,  and  involve  the 
danger  of  salivation  of  the  workmen.  Moreover,  there  is  the  diffi- 
culty, already  mentioned,  arising  from  the  necessity  of  overcoming 
the  sarface  tension  of  the  metal.  This  difficulty  was  particularly 
evident  in  the  test  of  the  Keith  process  at  Cyanide,  Colo.  There  was 
also  great  difficulty  in  recovering  the  amalgam  from  the  large  area 
of  the  cathode  plates  necessary  for  a  complete  precipitation.  I 
noticed,  moreover,  that  so  long  as  the  solution  contained  no  sul- 
phates or  chlorides  the  anode  plates,  of  iron,  were  little  acted  upon, 
being  simply  covered  with  a  thin  film  of  ferric  oxide  which  protected 
the  metal  from  further  action,  although  it  slightly  increased  the 


Starting  with  the  principle  that  an  enormous  cathode  surface  was 
necessary  for  the  rapid  and  complete  precipitation  of  the  gold  and 
silver,  I  made  a  niunber  of  experiments,  using  sheet  iron  for  both 
cathodes  and  anodes.  I  found  that  when  the  current  was  not  too 
great  the  precipitated  gold  and  silver  adhered  firmly  to  the  surface 
of  tiie  sheet-iron  cathode.  I  then  removed  the  cathodes,  two  at  a 
time,  and  made  them  anodes  in  a  dilute  cyanide  solution  of  about 
0.1  per  cent,  and  redissolved  and  reprecipitated  the  gold  electrolyti- 
cally  upon  a  piece  of  sheet  iron  covered  with  a  thin  film  of  graphite 
and  vaseline.  On  graphiting  the  surface  of  the  slieet  iron  I  found 
it  poesible.  under  proper  conditions,  to  reprecipitate  the  gold  and 
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silver  in  a  dense  coherent  sheet,  which  afterwards  could  be  stripped 
in  sheets  ready  for  the  mint. 

On  February  6,  1900,  I  was  granted  U.  S.  patent  643096,  for  ''  a 
process  of  progressive  electroconcentration  and  recovery  of  gold  and 
silver  contained  in  the  large  volumes  of  dilute  cyanide  solution  con- 
taining free  alkali  resulting  from  the  extraction  of  gold  and  silver 
ores,  tailings,  and  concentrates,  which  consists  first  in  depositing  the 
gold  and  silver  electrolytically  from  said  solution  upon  removable 
cathodes  sufSciently  numerous  and  large  in  area  to  secure  efficient 
deposition,  and  second,  in  making  said  removable  original  cathodes 
successively  anodes  in  a  smaller  volume  of  cyanide  solution,  and 
transferring  and  depositing  electrolytically  the  thin  film  of  gold 
and  silver  already  distributed  over  a  large  number  of  said  original 
cathodes  upon  a  smaller  number  of  secondary  cathodes,  also  con- 
tained in  said  smaller  volume  of  cyanide  solution." 

EXPERIMENTS  AT  STANDARD  CONSOLIDATED  MINE,  BODDB,  CAIi. 

In  the  summer  of  1900  I  tried  this  process  on  a  small  scale  at 
Bodie,  Cal.  The  solution  treated  was  0.937  short  ton,  having  an 
assay  value  of  0.175  ounce  of  gold  and  0.437  ounce  of  silver.  Al- 
though the  metal  values  were  almost  entirely  in  the  gold,  there 
was  nearly  three  times  as  much  silver  as  gold  in  the  solution.  The 
assay  value  of  the  head  solution  was  about  $4  per  ton,  gold  and 
silver.  The  average  of  the  entire  solution  after  treatment  was  only 
about  10  cents  a  ton,  some  assays  being  as  low  as  2  cents.  All  the 
assays  were  made  by  the  company  assayer,  W.  M.  Knox.  Samples 
of  eight  assay  tons  of  solution  were  assayed  by  evaporation  with 
litharge. 

The  deposition  box  used  was  2  feet  6  inches  by  4  inches  by  6 
inches,  and  held  0.4  cubic  foot.  It  treated  solution  at  the  rate  of  2 
cubic  feet  per  day,  or  five  times  its  capacity,  with  good  results,  but 
on  pushing  the  work  beyond  the  capacity  of  the  box,  the  value  of 
the  tailing  would  run  up  to  20  or  30  cents. 

There  were  27  cathodes  of  thin  sheet  iron,  4  by  5  inches;  hence 
their  exposed  surface  on  both  sides  was  7.5  square  feet.  The  current 
varied  from  0.5  to  1.3  amperes,  the  cathode  current  density  varying 
between  0.066  and  0.173  ampere  per  square  foot,  averaging  0.135 
ampere.  For  a  part  of  the  time,  two  boxes  were  used,  in  series,  sd^ 
far  as  solution  was  concerned,  but  electrically  in  parallel ;  hence  thej 
current  density  was  then  only  0.068  ampere.  The  voltage  varied! 
from  0.8  to  3.6  volts.  The  electrodes  were  all  placed  transversely 
across  the  box  and  i  inch  apart,  so  that  the  solution  flowed  alter- 
nately up  and  down  the  box.  Alternate  anodes  projected  above  the 
surface  of  the  solution  and  were  perforated  with  i-inch  holes  to 
allow  the  solution  to  flow  through.    The  flow  through  these  holes 
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was  more  rapid  than  usual,  and  I  found  the  deposit  opposite  these 
holes  to  be  thicker  and  better  than  elsewhere.  This  discovery  first 
suggested  to  me  the  advantage  of  rapid  circulation  through  per- 
vious electrodes,  an  idea  that  was  developed  later. 

In  order  to  preserve  the  anodes  from  corrosion  they  were  coated 
with  a  mixture  first  suggested  by  Mr.  Bettal  of  South  Africa.  This 
mixture  consists  of  graphite,  litharge,  boiled  oil,  and  turpentine;  it  is 
put  on  hot.  I  found  that  with  a  low  current  density  (voltages  up  to 
0.14  volt)  the  anode  coating  stood  up  well,  as  was  claimed  for  it, 
but  that  as  soon  as  the  pressure  was  raised  to  2  or  3  volts,  in  order  to 
iiicrease  the  precipitation,  the  boiled  oil  and  turpentine  were  at- 
ticked,  producing  a  vile-smelling  mixture.  The  iron  was  then  so 
attacked  that  the  anodes  had  to  be  scraped  clean. 

There  was  considerable  trouble  in  getting  a  continuous,  direct- 
current  service  of  a  proper  voltage.  Alternating  current  was 
brought  from  a  distance  and  was  erratic,  so  that,  although  for  a  part 
of  the  time,  direct  dynamo  service  was  available,  frequent  resort 
was  necessary  to  a  couple  of  large  improvised  Daniell  cells, 

THE  CLBAN-TTP. 

The  clean-up  was  effected  in  a  cell  that  held  750  c.  c.  of  cyanide 
solution,  and  accommodated  two  anodes  (two  cathodes  from  the 
deposition  box,  to  be  stripped)  and  one  sheet-iron  cathode,  on  which 
the  gold  and  silver  were  to  be  precipitated.  This  cathode  was 
coated  with  a  layer  of  graphite  and  wax,  put  on  hot,  and  rubbed  dry 
with  graphite,  to  favor  the  subsequent  stripping  of  the  concentrated 
metaL  With  two  Daniell  cells  giving  1.4  volts  in  closed  circuit, 
«V200  ampere  was  obtained,  but  this  fell  rapidly  to  0.050  ampere. 
The  iron  anodes  did  not  appear  to  corrode,  yet  some  of  the  metal  came 
down  Fatherly  loosely  on  the  cathode  which  became  coated  evenly 
with  silver  and  gold.  The  clean-up  solution,  which  at  first  was 
0.1  per  cent  KCy,  was  afterwards  made  1  per  cent.  The  /cathodes 
from  the  head  of  the  deposition  box  required  about  1  hour  for  strip- 
ping, and  those  from  the  tail  required  only  a  few  minutes.  The 
cathodes  from  the  deposition  box  (anodes  in  the  clean-up  box)  showed 
no  signs  of  pitting  except  in  one  instance  when  the  current  was  left  on 
over  night.  If  the  stripping  was  stopped  when  nearly  complete  the 
oxidation  of  the  anodes  in  the  clean-up  box  could  be  easily  avoided, 
especially  as  clean  C3ranide  solution  free  from  chlorides  and  sul- 
phates could  be  used  for  stripping.  While  the  metal  was  partly 
adherent  to  the  the  cathode,  much  of  it  came  down  as  a  dark,  blackish- 
brown  powder,  easy  to  filter  and  to  melt.  In  later  experiments 
the  deposition  of  this  precipitate  was  avoided  by  proper  circulation. 
The  scrapings  from  the  anodes  of  the  deposition  box  after  treating 
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the  y^ill  solution  contained  graphite,  linseed  oil,  etc,  with  more 
or  less  hydrate  of  iron  and  Prussian  blue;  weighed  about  316  grams; 
and  carried  0.16262  gram  in  gold  and  0.30785  gram  in  silver.  The 
total  clean-up  resulted  as  follows: 

Clean-up  in  empervments  at  Bodie,  CaL 

Gold,         SilTer, 
g^raniB.         grams. 

From  soUd  metal  from  cathode  of  clean-up  box..  1. 61678  4. 14322 

From  metallic  dust  from  clean-up  box 1. 95100  6. 5390O 

Fi'om  cyanide  solution  from  clean-up  box .44346  .85814 

From  wash  water  from  anodes  in  clean-up  box.    .  14836  .  36704 

From  various  sediments  from  deposition  box .  16362  .  30785 


4. 32322  11. 21525 

The  original  solution  treated  was  0.937  ton,  which  assayed  0.164 
troy  ounce  of  gold  and  0.435  troy  oimce  of  silver;  hence  in  grams  the 
result  was  as  follows : 

Gold,      Silver, 
graniB.    grams. 

Original  content 5. 11    1Z  70 

Actual  recovery 4.32    11.22 

Lost  in  tailing  solution,  assay  samples,  etc .79      1. 48 

An  8-assay-ton  charge  of  the  tailing  solution  from  the  whole 
charge  gave  0.005  ounce  of  gold  per  ton  and  0.005  ounce  of  silver; 
that  is,  the  tailings  were  worth  a  little  more  than  10  cents  a  ton,  and 
there  were  left  in  the  0.937  ton  of  solution  only  0.146  gram  each  of 
gold  and  silver.    Hence  the  result  was  as  follows : 

Gold,      Silver, 
grams,    grams. 

Original  content 5.11      12.7 

Residual  solution .  146        .  146 

.        I  

Difference 4. 964    12. 554 

Actually  recovered  in  clean-up 4. 323    11. 215 

Losses  and  assay  samples .  641      1.  239 

Loss  in  tailing .146        .146 


•.787    '•1.385 


EFFICIENCY  OF  DEPOSITION. 


The  total  time  of  the  experiments  during  which  the  current  was 

passing  was  127.5  hours.    The  total  number  of  ampere-hours  was 

126.    The  weight  of  gold  actually  recovered,  divided  by  7.35,  the 

weight  in  grams  of  gold  that  should  have  been  deposited  in  1  ampere- 

4  323 
hour,  was  as  follows :     '      =0.588  ampere-hour,  which  should  have 

t.OO 

«  Compare  with  the  0.79  value  given  above. 
^A^ees  wi%\x  t^e  1.48  value  ^ven  abpv^, 
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sufficed  to  deposit  the  amount  of  gold  at  100  per  cent  electrical  effi- 
dency.  The  weight  of  silver  actually  recovered,  divided  by  4.025, 
the  weight  in  grams  of  silver  that  should  have  been  deposited  in  1 

ampere-hour  was :       *       =2.79  ampere-hours,  which  should  have 

sufficed  to  precipitate  that  amount  of  silver  at  100  per  cent  electrical 
efficiency. 

Therefore  a  total  of  3.378  of  the  126  ampere-hours  was  actu- 
ally utilized.    Hence  the  total  electrical  efficiency  was :    '  ^  ,  or  2.68 

per  cent  This  is  a  much  higher  efficiency  than  that  of  the  Siemens 
&  Halske  process,  and  the  capacity,  being  at  the  rate  of  5  tons  per  24 
hours  in  a  1-ton  box,  is  nearly  double.  The  reason  for  the  higher 
efficiency  is  that  a  shorter  current  gap  is  used,  being  only  i  inch, 
IS  against  1^  to  "3  inches.  In  the  Siemens  &  Halske  process  it  is  not 
possible  to  bring  the  electrodes  near  one  another  on  account  of  the 
danger  of  short  circuits  from  the  loosely  hanging  lead-foil  cathodes. 
It  is  probable  that  in  practice  I  should  have  had  to  increase  the 
distance  between  the  electrodes,  owing  to  corrosion  of  the  anodes; 
but  with  peroxidized-lead  anodes,  provided  with  vertical  separators 
of  wooden  strips,  placed  about  6  inches  apart  horizontally,  better 
precipitation  could  have  been  safely  obtained  with  even  a  J-inch 
current  gap. 

• 

CRmCISMS  OP  THE  CHRISTY  PROCESS. 

In  1903  there  appeared  in  Halle  a  small  volume  on  "Cyanide 
processes  of  gold  recovery,"  being  one  of  the  "  Monographs  on  ap- 
pKed  electrochemistry,"  edited  by  Viktor  Engelhardt,  chief  engineer 
uid  chief  chemist  of  the  Siemens  &  Halske  Co.,  Vienna.  This 
particular  book  is  written  by  Manuel  von  Uslar,  with  the  assistance 
of  Dr.  Georg  Erlwein,^  engineers  of  the  Siemens  &  Halske  Co., 
Berlin. 

From  this  combination  of  electrochemists,  representative  of  Sie- 
mens &  Halske,  much  might  have  been  expected,  particularly  as 
regards  a  description  of  the  Siemens  &  Halske  process;  but  although 
^e  process  is  mentioned,  the  description  is  meager  and  the  fund  of 
information  that  might  have  been  reasonably  expected  is  entirely 
niiaBing.  Concerning  my  process  of  "  progressive  electroconcentra- 
tion  ^'  Uiese  authors  remark : 

Attention  need  only  be  called  to  the  great  sums  that  must  be  invested  on  the « 
l^fse  scale  in  the  form  of  sheet  gold  and  silver  to  show  that  this  patent  can 
'^^ucely  lay  claim  to  practical  consideration.    As  regards  technical  considera- 
tions it  must  be  remarked  that  there  are  Insuperable  difficulties  in  continu- 

'Too  Uilar,  Manuel,  and  Erl'wein,  Georg,  Cyanid-Prozesse  sur  GoIdgewlnDang :  Mono- 
P^^  aitfew.  J!l£Ctn)cheinle,  1903,  Halle,  Oermany,  100  j)p. 
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ously  watching  the  electric  current,  so  that  anodes  to  be  stripped  of  thdr  gold 
(cathodes  from  bath  1)  shall  remain  In  bath  2  exactly  till  their  gold  covering 
shall  be  removed,  which  for  a  rational  operation  is  quite  necessary,  as. otherwise 
probable  losses  of  gold,  of  current,  power,  and  electrode  material  are  nn- 
avoidable. 

I  am  ready  to  admit  many  defects  in  the  process  as  it  appeared  in 
1900;  these  I  shall  refer  to  later;  but  the  defects  that  require  con- 
sideration are  not  those  mentioned  by  the  distinguished  authors. 
No  gold  and  silver  sheets  have  to  be  provided  except  those  fornaed 
in  the  ordinary  course  of  the  clean-up. 

Of  the  Siemens  &  Halske  process,  Von  Uslar  and  Erlwein  ^  speak 
as  follows : 

Every  month  with  electrolytic  precipitation  Ukewise  the  clean-up  l4ikes  place, 
which,  however,  is  simpler  than  with  the  zinc  precipitation.  Without  inter- 
rupting the  operation  one  lifts  the  single  cathodes  out  of  the  bath  in  which  a 
newly  charged  frame  (cathode)  is  replaced,  an  operation  which  requires  only 
a  few  minutea 

They  then  go  on  to  describe  the  drying  of  the  lead  sheets,  and  the 
fluxing  and  smelting  of  the  lead  cathodes  weighing  12  to  20  times 
the  weight  of  the  contained  gold  and  silver,  all  of  which  has  to  be 
cupelled  to  recover  the  6  to  8  per  cent  of  gold.  Anyone  who  has  had 
any  experience  with  the  Siemens  &  Halske  clean-up  is  well  aware  of 
the  great  danger  of  loss  in  handling  the  cathodes  during  and  after 
the  drying.  The  monthly  clean-up  withholds  from  circulation  the 
same  amount  of  gold  and  silver  as  any  other  process  tnat  requires  a 
monthly  clean-up. 

With  the  Christy  process,  the  cathodes,  when  charged,  may  be  re- 
moved for  stripping  and  be  replaced  by  a  clean  cathode  without  in- 
terruption, as  in  the  Siemens  &  Halske  process.  Moi'eover,  with  the 
Christy  process,  a  weekly  or  even  a  daily  clean-up  is  possible,  so 
that  it  is  not  necessary  to  keep  so  much  gold  and  silver  in  an  unpro- 
ductive state;  neither  must  12  to  20  pounds  of  lead  be  cupelled  for 
each  pound  of  gold,  nor  must  the  lead  be  reduced  and  rolled  into 
sheets  to  be  again  used  as  cathodes. 

As  regards  the  second  criticism  of  these  authors,  namely,  that  of  a 
necessity  of  watching  the  current  to  determine  exactly  when  plates 
are  stripped,  the  criticism  is  not  warranted.  If  1  volt  or  less  is  used 
in  the  clean-up  box  the  plates  strip  rapidly,  do  not  corrode  appreci- 
ably, and  require  practically  no  attention  except  removal,  washing, 
and  replacing  in  the  deposition  box  for  a  new  coating.  If  necessary, 
an  electric  bell  could  be  devised  to  indicate  when  the  plates  were 
sufficiently  stripped.  When  the  solution  in  the  clean-up  box  becomes 
rich,  by  raising  the  voltage  the  gold  and  silver  are  recovered  by  elec- 
trolysis much  more  easily  than  from  the  original  solution. 

•Von  Uslar,  Manuel,  and  Erlwein,  Georg»  Cyanid-ProEesse  lur  Goldgewlnnung :  Mono- 
graph, angew.  Electrochemle,  1908,  HaUe,  Germany,  100  pp. 


PROCESSES  OF  ELECTBODEPOSITIOK.  33 

Since  writing  the  above  statement  I  have  seen  an  important  paper 
by  Neumann.*  He  remarks,  "  It  is  true  Christy's  proposition  has 
some  weak  points,  but  certainly  it  does  not  fail  for  the  reason  given 
by  Von  Uslar  and  Erlwein."  Neumann  gives  the  results  of  some 
raJoable  experiments  on  the  efficiency  of  electrical  precipitation 
under  the  cohditions  of  the  Siemens  &  Halske  process.  However,  he 
did  not  entirely  reproduce  the  conditions,  but  kept  the  gold  content 
constant  by  adding  gold  to  the  solution  and,  instead  of  keeping  a 
constant  voltage  as  in  the  Christy  process,  he  maintained  a  constant 
current  with  increasing  voltage.  He  seemingly  did  not  attempt  a 
complete  precipitation  as  is  necessary  in  practice.  With  a  current 
density  of  0.5  ampere  per  square  meter,  and  with  10  grams  of  gold 
p««nt  per  cubic  meter,  he  found  as  a  maximum  efficiency  3.81  per 
cmt;  whereas,  for  the  same  density  of  current  and  with  3  grams  of 
gold  present  per  cubic  meter,  the  efficiency  is  only  1.33  per  cent. 
With  a  lower  curent  density  he  got,  for  0.25  ampere  per  square  meter 
and  10  grams  of  gold  per  cubic  meter,  an  efficiency  of  7.56  per  cent, 
and  for  3  grams  of  gold  per  cubic  meter,  3.15  per  cent.  For  greater 
current  densities  such  as  2.4,  4,  and  9  amperes  per  square  meter,  and 
^th  10  grams  of  gold  present  per  cubic  meter,  he  found  the  maxi- 
mimi  efficiency  to  be  0.41,  0.24,  and  0.16  per  cent  It  is  evident  that 
if  the  attempt  had  been  made  to  reduce  the  gold  content  to  a  mini- 
mum the  efficiency  would  have  been  lower. 

Xeumann  points  out  what  he  claims  to  be  the  weak  points  of  the 
Christy  electroconcentration  process.  First,  he  claims  that  neither 
lead  nor  iron  can  be  used  alternately  as  cathodes  and  as  anodes  in 
cyanide  solutions,  as  those  metals  are  attacked  by  the  cyanide  and 
rendered  unfit  to  serve  as  cathodes  after  having  served  as  anodes  in 
the  clean-up  cell.  He  fails  to  observe  that  the  Christy  patent  states, 
'*Tlie  anodes  and  cathodes  may  be  made  of  any  electroconducting 
material  not  too  strongly  acted  on  by  the  solution."  Though  .lead 
and  iron  are  mentioned,  the  Christy  patent  is  not  confined  to  their 
'^  I  have  successfully  used  Acheson  graphite  sheets  and  other 
forms  of  carbon.  I  am  ready  to  acknowledge  that  there  is  difficulty 
in  the  use  of  lead.  However,  the  difficulty  does  not  arise  from  the 
cause  assigned  by  Neumann,  but  from  local  action  if  the  electrodes 
are  not  used  continuously  and  are  put  away  damp. 

Neumann  quotes  some  experiments,  made  presumably  xmder  his 
direction,  by  Mr.  John  Johnston,  in  which  gold  was  deposited  on 
carbon  cathodes  after  which  an  electric  clean-up  was  attempted,  sup- 
P^dly  with  the  Christy  process.    In  the  first  four  experiments, 

'Neomann,  B.,  Electrolytic  precipitation  of  gold  from  cyanide  solutions :  Eiectrochem. 
^  Met  Ind.,  vol.  4,  August,  1906,  p.  800. 

55372"— Bull.  150—19 3 
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with  a  current  density  of  992  to  118  amperes  per  square  meter,  no 
gold  at  all  was  deposited.  (Seemingly,  the  current  deposited  the 
gold  in  the  form  of  slime,  which  was  easily  washed  oflf  by  the  violent 
agitation.)  With  24  to  69  amperes  per  square  meter  the  efficiency, 
0.03  to  0.045  per  cent,  was  low,  and  was  higher  with  the  lower  density. 
The  voltage,  an  important  item,  is  not  given.  The  stripping  went  on 
easily,  but  he  forgets  that  the  cyanide  solution  was  strong — 17.76  to 
12.1  per  cent.  It  is  remarkable  that  any  gold  was  precipitated  from 
so  strong  a  solution  of  free  cyanide. 

Examination  has  been  made  of  samples  of  the  silver  and  gold  pre- 
cipitated by  the  Christy  process,  the  metal  having  been  first  deposited 
upon  iron  cathodes  from  weak  solutions,  then  redissolved  by  making 
anodes  of  these  cathodes  in  a  0.1  to  1  per  cent  cyanide  solution,  and 
reprecipitated  upon  sheet-iron  cathodes,  coated  with  a  film  of  graph- 
ite and  vaseline.  The  samples  showed  that  it  is  possible  to  deposit 
coherent  sheets  of  both  gold  and  silver  by  the  Christy  process  in  ex- 
actly the  way  specified  in  the  patent.  After  wrongly  condemning  the 
process  as  impossible,  Neumann  proposes  to  resort  to  carbon  cathodes, 
which  he  would  strip,  causing  the  gold  to  be  redeposited  by  the  Wohl- 
will  process,  sodium  chloride,  gold  chloride,  and  free  hydrochloric 
acid  being  used  as  an  electrolyte.  By  this  means  good  results  are  ob- 
tained with  pure  gold,  and  a  high  efficiency  results;  however,  upon 
calculating  the  gold  as  univalent  the  efficiency  would  be  modified. 

Mention  should  be  made  of  the  fact  that  the  Wohlwill  process  is 
not  applicable  to  alloys  containing  more  than  10  per  cent  silver.  With 
solutions  carrying,  as  many  do,  more  silver  and  copper  than  gold  it 
is  doubtful  whether  this  ingenious  modification  of  the  Christy  method 
would  be  applicable.  The  process  could  not  be  used  to  produce  fine 
gold,  as  Neumann  supposes,  but  by  using  cyanide,  of  a  proper  strength, 
and  employing  a  proper  voltage,  the  gold  and  silver  could  be  recov- 
ered if  the  process  were  properly  conducted.  The  operation  is  espe- 
cially easy  if  cathodes  composed  of  thin  sheets  of  Acheson  graphite 
are  used  as  "  cathode  anodes."  As  pure  cyanides  free  from  sulphates 
and  chlorides  can  be  used  in  the  stripping  box,  they  are  little  cor- 
roded at  the  low  voltage  used  in  the  Christy  process. 

SUBSEQUENT  PATENTED  PROCESSES. 

C.  P.  Stewart,  U.  S.  patent  676526,  July  16,  1901.— The  solution 
flows  over  a  stationary  mercury  cathode.  The  process  is  similar  to 
the  "MoUoy  process." 

William  Orr,  U.  S.  patent  689018,  December  17,  1901.— Inventor 
uses  zinc  anodes  in  cyanide  solutions,  especially  when  the  solutions 
contain  copper,  and  regenerates  the  cyanide  by  throwing  down  the 
zinc  by  KHO  and  NajS.  The  patent  resembles  one  granted  to  C.  H. 
Merrill  for  regenerating  cyanide  from  solutions  containing  zinc. 


PEOCESSE&  OF  BLECTBODEPOSrnON.  35 

E.  D.  Kendall,  U.  S.  patent  698292,  April  22, 1902.— The  specifica- 
tions of  this  process  show  an  electrodeposition  box  containing  carbon 
anodes  in  porous  cells.  The  remaining  space  of  the  outer  vessel  is 
filled  with  fragments  of  carbon,  which  act  as  cathodes  upon  which 
the  gold  and  silver  are  deposited.  After  sufficient  time  the  caustic 
potash  is  withdrawn  from  the  porous  cell  and  a  cyanide  solution, 
adequately  strong,  supplied  to  fill  it.  The  carbon  plate  is  then  re- 
moTed  and  a  silver-plated  copper  plate  is  made  the  cathode  in  place 
of  the  anode.  The  gold  and  silver  dissolve  from  the  first  carbon 
anode  and  deposit  upon  the  inner  plate.  The  invention  contains  ideas 
shown  in  the  Christy  patent  (No.  643096)  previously  mentioned,  but 
without  the  removable  cathodes.  In  one  place  the  inventor  specifies 
a  pressure  of  5  volts  and  in  another  preferably  15  volts.  It  is  evident 
that  the  porous  cell  is  a  disadvantage,  as  it  increases  the  resistance 
enormously.  I  can  not  find  any  place  where  the  process  has  been 
applied. 

S.  Muffly,  TJ.  S.  patents  714598,  714599,  November  25,  1902.— This 
patent  is  for  a  process  and  an  apparatus.  A  carbon  anode  is  used 
with  a  cathode  composed  of  a  filif  oim  mass  of  lead  and  zinc. 


THE  BUTTERS  PROCESS. 


V 


Charles  Butters  (U.  S.  patent  756211,  Apr.  5, 1904)  claims  the  use 
of  a  dense  current  in  combination  with  peroxide-of-lead  aiiodes  and 
tin-coated  steel  cathodes.   His  claims  are  as  follows : 

First.  The  improvement  in  tbe  process  of  precipitating  metals  from  solu- 
tions, chiefly  cyanide  solutions,  which  consists  in  employing  cathodes  having 
sarftLcea  of  tin  and  a  high-density  electric  current,  substantially  as  described. 

Second.  The  improvement  in  the  process  of  precipitating  metals  ;from  solu- 
tions which  consists  in  employing  cathodes  having  surfaces  of  tin  in  combina- 
tion with  anodes  of  lead  peroxide  and  a  high-density  electric  current,  substan- 
tially as  described. 

Third.  The  improvement  In  the  process  of  the  electrolytic  sei>aration  of  metals 
from  solutions  which  consists  in  using  a  cathode  having  smooth  surfaces  of  tin, 
sobstantlally  as  described. 

In  the  specifications,  Butters  directs  that  the  anodes  and  cathodes 
^all  be  placed  about  3  inches  apart,  and  that  the  solution  containing 
the  metal  or  metals  to  be  deposited  shall  be  caused  to  flow  between 
the  electrodes,  preferably  in  an  upward  or  downward  direction,  at  a 
uniform  velocity,  while  an  electric  current  of  high  density  enters  the 
cathode.  In  practice  about  0.5  ampere  per  square  foot  of  cathode  is 
found  suitable,  as  a  rule.  The  dissolved  metals  are  then  deposited  in 
a  loose  slimy  form  on  the-  tin  cathode  surface  and  may  be  removed 
by  brushing  or  wiping  the  plates  with  a  soft  material,  such  as  rubber 
or  wood.  This  may  be  conveniently  done  by  removing  the  cathodes 
from  the  solution  when  the  deposit  is  sufficiently  thick,  or  usually  by 
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running  a  wiper  over  the  plates  at  intervals  of,  say,  once  a  day  while 
in  position  in  the  solution,  and  allowing  the  removed  slime  to  settle 
to  the  bottom  of  the  vessel.  This  slimy  deposit  is  removed  from  the 
vessel  at  regular  periods,  and  the  metals  are  separated  and  refined  in 
the  usual  way. 

It  may  be  noted  that  in  the  Christy  patent,  issued  in  1900,  I  dis- 
close the  use  of  a  dense  current  with  fiat  electrodes  in  the  following 
words:  "The  current  should  be  so  graduated  that  it  (the  gold)  is 
deposited  in  a  firm,  coherent  coat.  If  a  strong  current  is  used,  the 
gold  is  deposited  on  a  cathode  as  a  fine  brown  powder,  which  may  be 
brushed  off  at  intervals  and  melted  down ;  but  I  prefer  to  deposit  it 
as  a  firm,  coherent  coat  to  avoid  mechanical  loss  in  handling."  But* 
ters's  process  has  been  developed  on  a  large  scale  in  several  of  his 
plants  in  this  country,  Mexico,  and  Central  America,  and  may  be 
said  to  be  technically  successful,  but  there  are  at  least  two  practical 
objections  to  it.  The  first  is  that  so  high  a  current  density  as  he  em- 
ploys to  separate  the  material  in  a  loose  form  on  flat  electrodes  is 
wasteful.  The  second  Js  that  the  recovery  of  the  precipitated  slime 
by  removing  the  plates  and  wiping  them  by  hand  involves  much 
labor,  and  if  the  precipitate  is  scraped  from  plates  and  allowed  to 
accumulate  at  the  bottom  of  the  tank  there  is  not  only  a  danger  of 
loss,  either  by  resolution  or  by  mechanical  means,  but  the  precipitate 
is  liable  to  be  contaminated  by  the  peroxide  of  lead  that  occasionally 
drops  from  the  anodes  to  the  bottom  of  the  tank,  or  especially  by  the 
precipitated  carbonate  of  lime  which  is  continually  settling  out  of 
the  solution. 

That  this  contamination  of  the  gold  is  serious  I  have  demonstrated 
by  analyzing  a  precipitate  coming  from  one  of  the  Mexican  plants 
where  the  process  was  used.  The  precipitate  from  the  head  of  the 
boxes  contained  enough  lead  and  oxide  of  lead  to  make  it  melt  almost 
like  butter,  but  the  precipitate  from  the  lower  end  of  the  tank  con- 
tained so  much  carbonate  of  calcium  that  fusing  was  difficult.  The 
bullion  produced  from  each  precipitate  was  necessarily  of  low  grade. 
Nevertheless  the  process  is  in  successful  use.  It  is  probably  the  only 
electrolytic  process  now  in  actual  use  for  the  treatment  of  cyanide 
solutions  from  gold  and  silver  recovery. 

EFFICIENCY  OF  BUTTERS  PROCESS. 

An  admirable  account  of  the  Butters  process  is  given  by  Hamil- 
ton.^ The  solution  from  the  sand  treatment  has  the  following  gold 
and  silver  content: 


*  Hamilton,  E.  M.,  A  development  In  electrolytic  precipitation  of  gold  and  illyer  from 
cyanide  solntions :  Electrochem.  Ind.,  vol.  2,  April*  1904,  p.  181. 


^ 
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Gold,  Silver, 

pexmywelgbtB.    ounces. 

Head  solution ^ 2.  S3  8.51 

TaU  solution . 0. 26  0. 29 

Precipitated  per  ton  solution.- J-_  •2.07         »3.22 

There  were  precipitated,  at  3  volts,  216  tons  of  solution  a  day; 

hence  there  was  recovered  898.56  grams  of  gold  and  21,632.40  grams 

'  898  56 

of  sdlvCT.    In  depositing  the  gold  there  was  utilized -^-'^   =122.2 

ampere-hours.      In    depositing    the    silver    there    was    utilized 

21,632.40 

4.025  ~  5j874.5  ampere-hours,  making  a  total  of  6,496.7  Ampere- 
hours.  The  area  of  cathodes  was  6,950  square  feet,  with  a  current 
density  of  0.55  ampere  per  square  foot,  or  a  total  of  3,822.5  amperes; 
and  in  24  hours  we  have  91,740  ampere-hours,  or  an  electrical  effi- 

6  496  8 
ciency  of  "0174^  j  which  is  slightly  less  than  6  per  cent  ampere  effi- 
ciency.   There  was  precipitated  91.1  per  cent  of  gold,  and  91.7  per 
c^t  of  silver. 
The  solutions  from  slime  treatment  had  the  following  content : 

Gold,  Silver, 

pennyweightB.     ounces. 

Head  solution 1. 10  1. 45 

TaU  solution • 0. 13  0. 15 

Precipitated  per  ton  of  solution .  97  1. 30 

1. 5085        40. 4345 

There  was  precipitated,  at  2.6  volts,  480  tons  of  solution  per  24 

hours,  and  the  recovery  was  724.08  grams  of  gold  and  19,408.56 

grams  of  silver.    Hence  there  were  utilized  in  precipitating  gold 

'24.08     ^o^  ,  J.J         .^.  -1        19,408.56 

'^  or   « 98-5  ampere-hours,  and  in  depositing  silver  — \  qq ^     ■- 

4^^2  ampere-hours,  making  a  total  in  useful  work  of  4,920.5  ampere- 
hours.  The  cathode  area  (like  that  of  the  anodes)  was  13,536  square 
feet  The  density  of  0.3  ampere  per  square  foot  gives  a  total  current 
of  4,060.8  amperes;  or,  of  97,459  ampere-hours,  only  4,920.5  were 
utilized,  and  the  electrical  efficiency  was  only  5.05  per  cent.  The 
results  are  much  better  than  those  of  Siemens  &  Halske,  owing  to 
the  use  of  peroxide  of  lead  instead  of  rusty  iron  for  the  anodes  and 
of  bright  tin  instead  of  lead  for  the  cathodes.  There  was  precipi- 
tated 88.2  per  cent  of  gold  and  89.6  per  cent  of  silver.  It  should  be 
remarked  that  there  was  precipitated  simultaneously  by  the  current 
an  amount  of  copper  of  almost  half  the  weight  of  the  silver.  This 
^ould  considerably  increase  the  electrical  efficiency. 

•4.16  grams.  *  100.15  grams. 
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Taking  the  results  quoted  in  Hamilton's  figures  for  November  and 
December,  1901,  and  for  convenience  converting  ounces  to  grams  by 
multiplying  by  31.1,  the  figures  are : 

Orams. 

Total  gold  deposited  In  two  months 84, 872 

Total  silver  deposited  In  two  months 2, 204,  772 

Total  copper  deposited  In  two  months 1, 024, 030 

For  gold,  dividing  by  7.35,  the  number  of  ampere-hours  uti- 
lized Is 11, 547 

For  silver,  dividing  by  4.025,  the  number  of  ampere-hours  uti- 
lized is 547.  769 

For  stopper,  dividing  by  2.372,  the  number  of  ampere-hours  uti- 
lized is 431,716 


Total    (supposing   copper    to    be   univalent)    number    of 

ampere-hours  utilized  Is 991,032 

During  this  time  there  was  actually  used  11,013,640  ampere-hours; 
hence  the  efficiency  was  9  per  cent.  If,  however,  as  Hamilton  assumes, 
the  copper  was  bivalent  432,000  ampere  hours  should  be  added  for 
the  copper,  making  a  total  of  1,423,032,  or  an  efficiency  of  12.9  per 
cent.  Either  result  is  a  great  improvement  on  that  by  tlie  Siemens  & 
Halske  process. 

In  different  experiments  with  various  tonnages  of  these  solutions, 
Hamilton  has  obtained  efficiencies  of  4.88,  6.10,  13.24  and  13.90  per 
cent,  but  he  has  not  calculated  the  average.  He  has  used  practically 
the  equivalents  that  I  have  taken  for  'gold  and  silver,  but  for  copper 
a  decidedly  lower  one,  being  1.206,  as  against  the  2.372  which  I  used 
for  univalent  copper.® 

It  is  altogether  probable  that  copper,  like  gold  and  silver,  is  uni- 
valent in  cyanide  solutions ;  moreover,  cupric  cyanide  is  a  very  un- 
stable compound.  Gmelin  and  Hittorf  both  claim  that  copper  dis- 
solves only  as  cuprous  cyanide.  I  have  not  investigated  the  subject, 
but  have  reason  to  believe  that,  at  the  anode,  copper  cyanides  are 
formed  which  are  of  higher  valence  than  1,  and  that  these  com- 
pounds are  subsequently  reduced  to  others  of  lower  valence  at  the 
cathode.  This  is  one  of  the  reasons  that  copper  cyanide  is  so  hard 
to  precipitate  by  electrolysis. 

STTTDT  OF  CONDITIONS  OOVEBNINO  ELECTBOLTTIC  DEPOSITION. 

It  must  be  evident  that  the  results  obtained  at  Bodie  were  good,  so 
far  as  precipitation  is  concerned.  However,  in  24  hours,  with  the 
box  used  not  more  than  5  cubic  feet  of  solution  could  be  treated  per 
cubic  foot  of  box  capacity.  The  maximum  duty  of  the  deposition 
box  would  be  at  the  rate  of  5  tons  a  day  for  a  box  holding  1  ton  of 

"  standard   Handbook   for   Electrical    Engineers,    1915,   pp.    1560-1564. 
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solution.  This  rate  did  not  seem  to  me  to  be  satisfactory,  yet  when  I 
attempted  to  increase  the  velocity  of  the  solution  above  this  rate,  a 
poor  precipitation,  resulted. 

While  I  was  making  these  experiments  at  Bodie,  it  occurred  to  me 
that  a  good  way  to  increase  the  capacity-  of  the  box  would  be  to  cir- 
culate the  solution  by  pumping  it  repeatedly  through  the  box,  thus 
concentrating  the  gold 

and  silver  upon  a  ^  ^  ^^^^^'^^^^^^1'  «  « 
smaller  number  of  ^ 
electrodes  than  would 
be  necessary  if  the  box 
were  made  large  for 
complete  precipitation 
by  one  passage.  I  then 
determined  to  make  a 
systematic  study  of  all 
elements  necessary  to 
procure  complete  and 
rapid  precipitation  of 
gold  and  silver  by  elec- 
trolysis. I  had  long 
investigated  the  effect 
of  the  current  with 
sheet  -  iron  electrodes 
upon  a  solution  of  cy- 
anide of  potassium  at 
rest.  • 

In  referring  to  this 
past  work  I  found  that 
there  had  been  used 
about  one-half  liter  of 
1  per  cent  cyanide  solu- 
tion at  rest.  Into  this 
solution  I  immersed  a 
sheet-iron  anode  12^ 
by  13  centimeters  in 
size,  and  a  sheet-lead 


8 


o  o.  5 


^   ^   ^   9   ^   H  H   9i 

^  AMPERES 

cathode  of  about  the 
same  dimensions,  spacing  these  IJ  inches  apart.  I  used  a  storage  bat- 
tery of  approximately  2  volts  at  first,  and  after  2J  hours  raised  the 
voltage  to  4  volts.  The  resulting  ampere  curves  and  the  cyanide 
curves  are  shown  in  figure  1. 

The  experiment  lasted  45  hours.  At  the  end  of  the  period  the 
cyanide  was  reduced  to  0.08  per  cent,  showing  that  97  per  cent  had 
been  destroyed.  It  will  be  seen  that  the  current  diminished  almost 
inunediately,  owing  to  polarization  effects  and  oxidation  of  the 
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anode.    The  anode  was  only  slightly  oxidized, 
ble  film  of  oxide  of  iron  having  formed. 
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Figure  2. — Curyes  from  experiments  on  electrodepoeitlon  of  gold  from  eolation  of 
cyanide  of  potawlam.  Iron  anode,  12|  by  13  cm. ;  lead  cathode,  12|  l)y  13  cm. ; 
current,  2  volts  from  storage  cell ;  KCy,  0.065  per  cent ;  An,  0.005  per  cent ;  yolome 
of  solution,  500  c.  c. ;  An,  2.5  mg.-B$3  a  ton ;  electrodes  li  cm.  apart. 

Following  these  tests  and  in  the  same  apparatus  a  cyanide  solu* 
tion  was  treated  containing  0.065  per  cent  of  free  cyanide  and  $3  a 
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Figure  3. — Curves  from  experiments  on  electrodeposition  of  gold  from  solution  of 
cyanide  of  potassium.  Iron  anode,  12}  by  13  cm. ;  lead  cathode,  12i  by  13  cm. ;  elec- 
trodes li  cm.  apart ;  current,  2  volts  from  storage  cell ;  volume  of  solution,  500  c.  c. ; 
Au,  $15  a  ton ;  KCy,  0.065  per  cent. 

.ton  in  gold.    The  results  of  th^  experiment  showed  that  in  17  hours 
only  88  p^r  cent  of  the  gold  was  precipitated.    The  cyanide  was  con- 
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tinuously  destroyed,  only  0.04  per  cent  remaining  at  the  end  of  the 
experiment.    The  results  of  this  test  are  shown  in  figure  2. 

In  the  same  apparatus  a  0.06  per  cent  cyanide  solution  containing 
$15  a  ton  in  gold  was  treated.  One  storage  cell  was  used  and  the 
experiment  lasted  for  40  hours.   The  results  are  shown  in  figure  8. 

At  the  end  of  24  hours  the  gold  was  reduced  from  $15  to  $1.30 
a  ton.  One-half  the.  cyanide  then  had  been  destroyed.  At  this 
time  I  added  sodium  chloride,  a  suggestion  of  Mr.  Butters,  so  as 
to  make  a  solution  containing  1.75 ,  per  cent  NaCL  The  current 
jumped  immediately  from  about  1  milliampere  to  800,  and  at  the 
end  of  40  hours  remained  100  milliamperes.    The  gold  had  been 
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PiGUB*  4. — Curves  from  experiments  on  electrodepositlon  of  gold  from  solution  of 
cyuilde  of  potassiiun.  Iron  anode,  12  i  by  18  cm. ;  lead  cathode,  12 i  by  18  cm. ;  elec- 
trodes 14  cm.  apart ;  current,  4  volts  from  two  storage  cells ;  An,  $16  per  ton ;  KCy, 
0.065  per  cent 

reduced  to  $1.08  a  ton,  and  the  cyanide  to  0.01  per  cent,  so  that 
only  83.3  per  cent  of  the  gold  was  precipitated.  Five-sixths  of  the 
cyanide  had  been  destroyed.  The  low  rate  of  precipitation  in  this 
experiment  led  me  to  increase  the  voltage  to  4  volts,  using  two  stor- 
age battery  cells.  For  this  I  used  an  0.066  per  cent  cyanide  solution 
containing  gold  to  the  .value  of  $15  a  ton,  the  remaining  conditions 
being  as  before.  The  results  are  shown  in  figure  4.  At  the  end 
of  17  hours  the  cyanide  had  been  reduced  to  0.002  per' cent,  79.94 
per  cent  of  the  gold  had  been  precipitated,  and  97  per  cent  of  the 
cyanide  had  been  destroyed.    The  results  did  not  then  look  promis- 
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ing,  but  when  compared  with  the  results  of  my  later  experim^its, 
they  show  the  great  progress  that  has  been  made  in  this  investiga- 
tion. 

One  of  the  first  things  to  be  noted  in  the  results  is  the  rapid  fall 
of  the  current,  which  continued  to  decrease  throughout  the  whole 
process.  I  noticed  that  whenever  either  of  the  electrodes  was  agi- 
tated so  as  to  displace  the  solution  in  immediate  contact,  the  current 
immediately  increased,  falling  again  as  soon  as  the  solution  came  to 
rest  and  the  conditions  were  reestablished  by  electrolysis.  This  was 
evidently  due  to  the  well-known  phenomena  of  polarization.  It  was 
made  evident  by  these  experiments  that  the  precipitation  of  gold 
and  silver  from  cyanide  solutions  was  a  problem  of  great  diflSculties. 

HOW  DOUBIiE  CYANIDES  BEACT  IN  ELEGTBOLYSIS. 

The  solutions  of  the  double  cyanides  seemingly  act  much  differ- 
ently from  those,  for  instance,  of  either  sulphates  or  chlorides  of  a 
metal  like  copper.  With  solutions  of  these  latter  salts  rapid  and 
complete  precipitation  would  at  once  ensue.  To  those  familiar  with 
the  conditions  of  electroplating  gold  and  silver  in  cyanide  solutions, 
the  electrodeposition  process  seems  to  be  a  natural  and  easy  one^ 
but  the  conditions  there  maintained  are  different  from  those  prevail- 
ing in  solutions  used  in  ore  treatment.  With  solutions  such  as 
are  used  in  electroplating  the  density  is  sufficient  to  produce  a  very 
good  conductor.  The  solution  is  rich  in  gold  or  silver,  And  the  metal 
deposited  is  replaced  as  fast  as  it  is  precipitated  by  a  supply  from 
the  soluble  anodes.  Hence  the  electrochemical  conditions  are  suit- 
ably maintained.  However,  in  the  treatment  of  solutions  result- 
ing from  ore  treatment,  solutions  have  to  be  handled  that  assay  less 
than  $6  per  ton,  and  contain  less  than  0.001  per  cent  of  metallic  gold. 
This  solution  must,  perhaps,  be  reduced  to  less  than  6  cents  per  ton, 
or  0.00001  per  cent  of  gold.  No  one  would  attempt  such  a  task  with 
a  metal  less  valuable  than  gold  or  silver. 

The  first  part  of  the  gold  in  electrolysis  is  readily  removed,  but  the 
deposition  becomes  increasingly  difficult  toward  the  end,  and  it  is 
theoretically  and  practically  impossible  to  remove  the  last  traces  of 
the  gold  from  such  solutions.  The  chief  cause  pf  the  great  difficulty 
is  that  the  gold  and  silver  form  what  are  known  as  "  complex  ions  " 
in  the  cyanide  solution.  For  instance,  if  a  solution  containing  pure 
KAuCyz  but  no  free  cyanide  be  considered,  one  is  dealing  with  a 
substance  which  crystallizes  in  white  crystals,  looking  very  much 
like  granulated  sugar,  soluble  in  water  and  forming  a  colorless  solu- 
tion. This  solution,  if  sufficiently  dilute,  according  to  the  ionic 
theory  breaks  up  into  two  ions,  the  simple  ion  K  carrying  a  positive 
charge  of  electricity,  and  the  complex  ion  AuCy  ^  carrying  a  negative 
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charge.  When  an  electric  current  is  passed  through  such  a  solution, 
with  platinum  electrodes,  the  potassium  ion  carrying  the  plus  charge 
of  electricity  travels  to  the  negative  pole,  and  if  there  is  sufficient 
gold  cyanide  in  the  vicinity  it  decomposes  some  of  the  cyanide,  pre- 
cipitating the  gold  on  the  cathode  and  setting  free  the  cyanide. 
Meantime  the  complex  ion  AuCya,  with  its  negative  charge  of  elec- 
tricity, travels  to  the  anode,  and  there  forms  a  pale  yellowish,  slimy 
fibn  which  protects  the  anode  from  further  action  by  the  current. 
Hence,  with  such  a  solution,  electrolysis  soon  comes  to  a  stop,  the 
anode  being  insulated  by  the  slimy  coat  of  AuCy,.*  As  was  proved 
by  Hittorf,^  the  same  action  takes  place  with  potassium  argento- 
cyanide,  the  only  outward  diflference  being  that  the  slimy  film  of 
AgCy  2  is  white. 

Because  of  the  formation  of  the  insoluble  and  insulating  slimes 
on  the  anode  it  is  always  necessary,  in  electroplating,  to  have  some 
free  cyanide  of  potassium  in  the  solution  to  redissolve  this  film. 
Caustic  potash  may  be  used  instead,  but  is  not  so  satisfactory.  For 
instance,  AuCyj  partly  decomposes  into  AuCy  and  Cy.  The  Cy 
partly  oxidizes  to  cyanate  and  partly  changes  to  cyanide  of  potas- 
sium. AuCy  redissolves  in  the  excess  of  free  cyanide  if  pres- 
ent, or  in  KHO  if  only  the  latter  is  present.  With  the  KHO,  cyanate 
and  cyanide  of  potassium  are  formed  and  the  essential  salt  of  the 
solution  is  i-egenerated.  This  rather  complicated  process  is  hard  to 
understand  and  a  little  difficult  to  explain,  but  there  is  no  doubt 
about  its  occurrence.  As  regards  silver  cyanide  the  reactions  men- 
tioned were  demonstrated  quantitatively  by  Hittorf . 

In  order  to  appreciate  the  importance  of  this  peculiarity  of  cyanide 
solutions,  consideration  might  be  given  to  the  electrolysis  of  nitrate 
of  silver.  The  Ag  goes  directly  to  the  cathode,  and  NOj  travels  to 
the  anode.  Hence  for  every  atom  of  silver  precipitated  at  the  cathode 
one  atom  disappears  from  the  solution  near  the  cathode.  But  in  the 
electrolysis  of  cyanide  of  gold  or  silver,  for  every  atom  of  gold  or 
silver  precipitated  at  the  cathode  two  atoms  are  removed  by  the  cur- 
rent, one  being  precipitated  by  the  K  ion  and  the  other  traveling  to 
the  anode.  Hence  it  must  be  evident  that  the  action  of  the  current 
renders  further  precipitation  of  the  gold  more  and  more  difficult. 
Julian  and  Smart  ^  claim  that  this  discovery  was  made  by  Daniell 
and  Miller.    They  say — 

DanieU  and  MlUer  (Philos.  Trana,  1844,  p.  1)  Investigated  the  nature  of  the 
Ions,  and  found  that  when  an  electric  current  is  passed  through  a  solution  of 

KAnCy*  or  KAgCyi  the  K  is  the  x>ositive  ion  and  goes  to  the  cathode,  while 

—  ■■  ■  ...  1  ■  ..  ■  ■         »  1 1 

*  See  Christy,  S.  B.,  On  the  solotion  and  precipitation  of  cyanide  of  gold :  Trans. 
An.  Inst.  Mln.  Eng.,  vol.  26,  1896,  p.  758. 

^Hittorf,  W.,  Uber  die  Wandeningen  der  lonen  wfthrend  der  Blektrolyse,  1859;  re- 
printed in  Ostwald's  Klassiker  der  exakten  Wissenschaften  No.  23,  1891,  p.  74. 

'  Julian,  H.  F.,  and  Smart,  Edgar,  Cyanidlng  gold  and  silyer  ores,  1904,  p.  121. 
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tbe  negative  ion  consists  of  gold  or  silver  and  cyanogen,  and  this  goes  to  the 
anode.  Hlttorf  has  since  confirmed  this  and  assumes  the  negative  ion  to  be 
AnCya  for  gold  and  AgCyt  for  silver.  That  is  to  say,  that  when  these  complex 
salts  are  electrolyzed,  the  gold  and  silver  move  in  the  opposite  direction  to 
that  taken  in  the  case  of  simple  salts. 

The  foregoing  abstract  quotation  appears  to  contain  several  mis- 
statements: In  the  first  place,  nowhere  in  the  reference  given  do 
Daniell  and  Miller  make  any  reference  to  the  cyanides  of  gold  or 
silver.  They  do  discuss  potassium  ferro  and  ferri  cyanide,  cyanide 
of  potassium,  and  sulphocyanide  of  potassium,  but  nowhere  in  the 
article  mentioned  nor  in  any  other  of  the  Philosophical  Trans- 
actions from  1842  up  to  1860,  do  they  make  any  statement  that  can 
be  twisted  into  such  an  assertion.  They  state  that  they  intend  to  in- 
vestigate other  cyanides,  but  they  do  not  seem  to  have  done  so. 

It  may  further  be  remarked  that  the  work  of  Hittorf  seems  to 
h^ve  been  both  underrated  and  overrated.  No  references  by  Julian 
and  Smart  are  given  to  Hittorf 's<»  work,  a  full  account  of  which  has 
been  reprinted  by  Ostwald.  The  work  of  Daniell  and  Miller  was  of 
great  importance  to  electrolytic  science,  but  it  contained  numerous 
errors  which  were  cleared  up  by  the  skillful  work  of  Hittorf  which 
is  a  model  of  scientific  accuracy.  Hittorf  with  punctilious  care 
seems  to  have  given  full  credit  to  Daniell  and  Miller  for  the  good 
work  done  by  them,  but  there  is  no  mention  of  their  having  done 
any  work  with  the  cyanides  of  gold  and  silver.  He  seems  to  have 
been  the  first  to  have  shown  that  in  the  electrolysis  of  a  KAgCya 
solution  the  K  goes  to  the  cathode  and  the  AgCya  to  the  anode. 
However,  he  makes  no  mention  of  KAuCyg  solution,  though  he  does 
treat  of  HAuCl^. 

Ostwald*  has  collected  data  on  all  the  known  velocities  of  ionic 
transfer,  and  he  gives  the  values  for  K  and  Ag  (CN)2  and  credits  the 
work  to  Hittorf.  Nowhere  is  any  mention  made  of  K  and  AuCyj, 
though  the  list  covers  eight  pages.  Hence  I  assume  that  Julian  and 
Smart  have  claimed  too  much  for  Daniell  and  Miller.  Whether  I 
was  the  first  to  call  attention  to  the  nature  of  the  electrolytic  reaction 
in  solutions  of  KAuCyj,*'  I  do  not  know ;  but  I  believe  that  I  can  fairly 
claim  to  have  been  the  first  to  bring  out  the  practical  importance  of 
it  in  electrodeposition  from  cyanide  solutions.  '  The  reaction  is  of 
controlling  importance  in  all  electrocyanide  processes  and  yet  it  is 
not  understood  by  many  of  the  writers  on  the  cyanide  process  or  by 
many  authors  of  chemical  textbooks. 

•Hittorf,  W.,  (Jber  die  Wanderungen  der  lonen  wfthrend  der  Elektrolyse,  1869;  re- 
printed in  Ostwald's  Klassiker  der  ezakten  Wissenschaften  Nos.  21  and  28,  1891,  87 
and  142  pp. 

»  Ostwald,  Wilhelm,  Chemlsche  En4rgie,  2d  ed.,  1898,  p.  608. 

«  See  ClirlBty,  S.  B.,  The  solution  and  precipitation  of  cyanide  of  gold :  Trans.  Am. 
Inst  Min.  £ng.,  vol.  26,  1896,  pp.  758-759. 
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Sir  Humphrey  Davy's  original  idea  as  to  the  composition  of  salts 
as  against  the  ideas  of  his  time  has  been  confirmed  by  more  recent 
scientific  investigations.  Daniell  and  Miller  do  not  seem  even  to 
have  been  the  first  to  discover  the  complex  ions  of  potassimn  ferro- 
cjanide,  ferri-cyanide,  and  sulpho-cyanide.  To  Hittorf  belongs  the 
credit  of  expanding  and  completing  the  application  of  the  results  of 
early  investigators  to  potassium  silver  cyanide.  Ostwald  deserves 
the  credit  of  generally  clearing  up  the  subject  by  the  invention  of  the 
term  ''  complex  ioxu"  As  far  as  I  am  aware  he  did  not  extend  his 
work  to  include  KAuCy,. 

The  separate  experiments  upon  which  I  based  the  statements  made 
in  1896  were  with  cyanides  of  silver,  of  gold,  and  of  copper.  I  used 
pure  solutions  of  the  double  salts  of  potassium  and  of  the  several 
metals  without  free  cyanide.  A  platinum  dish  was  the  cathode,  a 
platinum  wire  the  anode.  I  found  that  the  current  was  soon  stopped 
bj  the  formation  of  a  nonconducting  slimy  coating  of  varied  color. 
With  KAgCyj  the  coating  was  of  a  pale  white  appearance  and  had  a 
faint  yellow  cast.  The  slime  from  the  BLA^uCyj  was  yellow  with  a 
pale  green  cast.  With  copper  the  anode  slime  was  a  bright  grass 
green  or  yellowish  green.  The  accumulation  of  any  one  of  these  pre- 
cipitates gradually  stopped  the  electric  current*  When  the  crust 
of  precipitate  was  scraped  off  the  anode,  so  as  to  fall  on  the  cathode, 
it  retained  its  shape  but  was  reduced  to  the  metal — silver,  gold,  or 
copper — according  with  the  composition  of  the  double  cyanide. 
Similar  crusts  form  on  the  anodes  in  electroplating  when  insufficient 
free  cyanide  is  used,  as  is  well  known  to  all  electroplaters,  but  I  have 
not  been  able  to  find  the  explanation  of  this  phenomenon  in  any 
of  the  many  books  on  electroplating  published  before  1896. 

Fortunately  a  comprehensive  bibliography  on  this  subject  has  been 
prepared  by  McBain.*  It  is  claimed  to  be  complete  to  the  end  of  the 
year  1906.  All  the  work  of  Daniell  is  included  in  this  outline,  and  no 
mention  is  made  of  his  ever  having  determined  the  migration  veloc- 
ities of  KAgCyj  or  of  KAuCyj-  The  relative  velocity  of  the  potas- 
sium ion  in  KAgCyg  was  determined  to  be  0.594  in  a  solution  contain- 
ing 1  gram-molecule  in  1^  liters.*  Nobody  seems  to  have  determined 
the  migration  velocities  of  the  ions  of  KAuCya  up  to  the  end  of  1905. 

Unfortunately  at  variance  with  the  statements  made  by  Julian 
and  Smart,  the  fact  appears  that  Daniell  was  not  the  first  to  observe 
the  true  nature  of  electrolysis  of  complex  ions. 

'McBain,  J.  W.,  Bzperlmental  data  of  the  quantltatlye  meaanrements  of  electrolytic 
mlsntions :  Wash.  Acad.  Sci.,  yoL  0,  July  81,  1907,  pp.  1-78. 

*  Hittorf,  W.,  i3ber  die  Wandemngen  der  lonen  w&hrend  der  Electrolyse,  1859;  re- 
printed  in  Ostwald's  Klasslker  der  exakten  Wlsaenschaften  No.  28,  1891,  142  pp. 
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The  first  observer  seems  to  have  been  Robert  Porrett  in  1814.*  The 
paper  mentioned  is  signed  "Tower,  June  6,  1814."  It  would  appear 
from  the  large  number  of  French  chemical  terms  used  that  Mr.  Por- 
rett must  have  been  a  Frenchman,  probably  residing  in  Englandi, 
and  not  a  member  of  the  Royal  Society. 

Porrett  seems  to  have  had  a  correct  idea  of  the  composition  of  the 
salts  known  as  triple  prussiates,  and  to  have  fought  the  idea  then 
prevailing  that  the  triple  prussiates  were  siriiple,  double  cyanides. 
Thus,  he  says: 

I  consider  the  salts  termed  triple  prussiates  as  binary  compounds  of  an 
add  with  a  single  base;  as  salts  which  do  not  contain  any  prussic  acid,  nor  any 
oxide  of  iron  as  a  base,  although  both  the  substances  may  be  obtained  from 
them  by  a  decomposition  of  their  acid. 

The  first  experiment  which  I  shall  adduce  in  support  of  the  above  opinion  is 
one  with  the  voltaic  battery ;  it  appeared  to  me  that  this  instrument  would  show 
whether  the  oxide  of  iron  in  the  triple  prussiates  existed  in  them  as  a  base,  or 
as  an  element  of  a  peculiar  acid  by  attracting  it  to  the  negative  pole  in  the 
former,  and  to  the  positive  pole  in  the  latter  case.  I  therefore  exposed  a  solu- 
tion of  triple  prussiate  of  soda  to  the  agency  of  a  small  battery  of  50  pairs  of 
double  plates  of  one  inch  and  a  quarter  square,  kept  in  action  for  20  hours, 
the  solution  was  connected  by  platinum  wire  with  the  negative  pole,  and  by 
filaments  of  cotton  with  distilled  water  which  communicated  by  platinum 
wire  with  the  positive  pole.  Thus  circumstanced  the  triple  prussiate  of  soda 
was  decomposed,  its  acid  (consisting  of  the  elements  of  prussic  acid  and  black 
oxide  of  iron)  was  carried  over  to  the  positive  pole;  here  meeting  with  oxygen 
from  the  decomposing  water,  it  underwent  a  farther  change  by  which  it  was 
converted  into  prussic  acid  which  was  partly  volatilized,  and  into  blue  triple 
prussiate  of  iron  which  formed  there  in  abundance ;  the  liquid  at  the  negative 
pole  after  this  process  contained  only  soda  with  a  trace  of  undecomposed 
triple  prussiate.  In  this  experiment  I  consider  the  circumstance  of  the  black 
oxide  of  iron  being  carried  over  to  the  positive  pole  as  a  proof  that  it  went 
there  as  an  element  of  an  acid,  for  as  a  base  it  must  have  remained  at  the 
negative  pole. 

Porrett  seems  to  have  discovered  also  sulpho  cyanate  of  potassium 
(which  he  calls  "  red- tinging  acid  ")  by  boiling  Prussian  blue  with 
sulphide  of  potassium,  and  also  by  heating  to  redness  animal  char- 
coal and  sulphide  of  potassium,  as  well  as  by  other  means.  He  sub- 
jected this  solution  to  the  action  of  electrolysis  and  found  that  the 
new  acid  was  carried  to  the  positive  pole  without  decomposition  or 
the  separation  of  any  sulphur.  This  would  clearly  prove,  it  seems 
to  me,  that  to  Porrett  belongs  the  credit  of  first  proving  the  reaction 
that  takes  place  when  "  complex'  ions,"  as  they  are  now  termed,  are 
electrolyzed. 

The  first  quantitative  work  on  "transfer  values"  seems  to  have 
been  done  with  sulphate  of  sodium  by  Faraday  *  in  1833.    Daniell's 


•  Porrett,  Robert,  Jr.,  On  the  nature  of  the  salts  termed  triple  prussiates,  and  on  acids 
formed  by  the  union  of  certain  bodies  with  the  elements  of  the  prussic  acid :  Phil.  Trans. 
Roy.  Soc.  Lond.,  1814,  pp.  527-^66. 

•Faraday,  Michael,  Experimental  researches  in  electricity:  Phil.  Trans.  Roy.  Soc. 
Lond.,  1833,  pt  1,  p.  86. 
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first  work  was  reported  in  1839,  and  his  last  work  seems  to  have  been 
done  in  1844,  whereas  Hittorf  s  work  was  from  1853  to  1859. 

The  theories  foreshadowed  by  Sir  Humphrey  Davy,  proved  to  be 
true  by  Porrett  and  by  Faraday,  afterwards  confirmed  by  Daniell 
and  Miller,  and  carried  to  perfection  in  Hittorf 's  classic  work,  have 
been  of  the  greatest  importance  not  only  to  chemical  science  but  to 
practical  technology.  The  work  of  these  men,  not  even  yet  fully 
appreciated,  was  for  many  years  a  subject  of  bitter  controversy.' 

FBAGTICAL  APPLICATION  OP  THE  LAW. 

It  soon  became  evident  to  me  that  the  necessary  electrolytic  reac- 
tion with  the  double  cyanides  was  one  of  the  chief  causes  of  slow 
precipitation,  in  short,  that  the  gold  content  at  the  cathode  was  so 
rapidly  diminished  that  the  potassium  ion  when  brought  to  the 
cathode  by  the  electric  current  found  there  no  gold  to  precipitate. 
Consequently,  electrical  energy  was  wasted,  water  being  decomposed, 
and  caustic  potash  and  hydrogen  were  formed  to  no  useful  purpose. 
The  gold  was  accumulated  at  the  anode  where  it  acted  injuriously 
by  increasing  the  resistance. 

It  occurred  to  me  that  both  these  evils  could  be  at  once  met  by  a 
rapid  circulation  of  the  solution  from  anode  to  cathode,  so  that 
the  gold  collected  at  the  anode,  where  it  was  doing  only  harm,  could 
be  swept  to  the  cathode  where  the  potassium  ions,  instead  of  decom- 
posing water,  would  precipitate  gold.  With  sheet  electrodes  it  was 
not  easy  to  obtain  this  result,  whether,  as  in  my  first  process,  the  elec- 
trodes were  transverse  to  the  box,  and  the  circulation  up  and  down 
between  them,  or  whether,  as  in  most  recent  installations  of  the 
Siemens  and  the  Butters  processes,  the  electrodes  hung  longitudi- 
nally in  the  box,  and  the  solution  passed  directly  between  them. 
With  none  of  these  arrangements  could  the  direct  replenishment  of 
the  cathode  solution,  so  necessary  to  good  results,  be  effected.  This 
requirement  could  "be  met  only  by  the  use  of  pervious  anodes  and 
cathodes,  either  of  sheet  metal  or  of  wire  cloth.  Perforated  sheet 
electrodes  were  first  used  but  the  cyanide  of  gold  and  silver  accumu- 
lated on  the  anode  spaces,  between  the  holes,  where  the  circulation 
was  poor.    I  then  resorted  to  the  use  of  iron-wire  doth. 

The  first  anodes  were  made  of  iron-wire  cloth  of  8  meshes  to  the 
linear  inch,  the  wires  being  1  mm.  thick.  A  single  sheet  was  used 
which  was  3J  inches  wide  by  4  inches  high,  only  about  2^  inches 
being  submerged.  It  was  stiffened  by  a  thin,  sheet-iron  fold  having 
a  copper  conductor  riveted  to  the  top.  The  first  cathodes  were  of 
similar  dimensions  and  were  made  of  one-fourth-millimeter  iron- 
wire  cloth  of  30  meshes  to  the  linear  inch.  I  afterwards  found  that 
such  cathodes  offered  too  much  resistance  to  the  current  and  finally 
made  them  of  about  one-half-millimeter  wire  cloth  of  16  openings  to 
the  linear  inch.    Such  a  piece  of  wire  cloth  has  almost  exactly  the 
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same  area  for  the  submerged  wires  as  would  be  presented  by  a  solid 
sheet  of  metal  of  the  same  cross  section  exposed  on  both  sides. 

It  is  well  known  that  when  oxidation  is  desired  in  electrolysis  a 
large  anode  area  should  be  used.  When  reduction  is  wanted  a  large 
cathode  area  should  be  used.  As  reduction  rather  than  oxidation  was 
the  purpose  of  the  process  it  seemed  wise  to  have  a  larger  area  of 
cathode  than  of  anode.  Hence,  five  such  cathode  sheets  were  fastened 
together  and  brought  into  contact  with  a  copper  conductor,  above  the 
water  level,  by  crimping  them  at  the  top  by  a  fold  of  sheet  iron  and 
at  the  bottom  by  similar  small  sheet-iron  crimps.  This  makes  what 
I  term  herein  "bimches  of  five."  After  various  trials  I  found 
that  two  such  "bunches  of  five"  cathodes,  ten  sheets  in  all,  could  be 
eflPectively  inserted  between  each  pair  of  anodes.  The  metal  then  de- 
posits on  all  of  the  ten,  most  of  course  on  the  sheets  next  to  the  anodes, 
but  upon  all  in  time.  These  cathodes  were  three-sixteenths  inch 
thick  at  the  crimps  and  one-quarter  inch  at  the  widest  part.  The  anodes 
were  insulated  from  the  cathodes  by  vertical  rubber  bands  one-eighth 
inch  thick.  This  arrangement  was  compact,  giving  over  five  times  as 
much  cathode  as  anode  area.  Since  wire  cloth,  as  manufactured,  is 
coated  with  a  protective  coating  of  oil,  it  was  always  necessary  to 
bum  this  off  at  a  red  heat  before  constructing  the  electrodes.  To 
avoid  undue  oxidation,  this  burning  must  be  done  with  care,  particu- 
larly when  the  wire  cloth  is  to  be  used  for  cathodes.  A  slight  film 
of  black  magnetic  oxide  on  the  anodes  is  an  advantage  rather  than  a 
detriment,  as  it  partly  protects  them  from  attack  by  the  solution. 
With  solutions  free  from  salt  and  soluble  sulphates  the  iron  anodes 
are  hardly  attacked.  Some  of  these  anodes  and  cathodes  that  have 
been  in  use  at  intervals  for  14  years  are  still  serviceable. 

Another  advantage  of  the  wire-cloth  cathodes  is  that  a  dense  cur- 
rent can  be  used  without  forming  a  loose  deposit,  and  hence  a  rapid 
deposition  can  be  obtained.  The  deposited  metal  tends  to  form 
about  the  wire  a  tube,  which  adheres  firmly.  This  has  long  been 
recognized  in  the  electrolytic  assay  of  copper,  where  the  use  of  plati- 
num-wire gauze  has  so  much  reduced  the  time  necessary  for  com- 
plete precipitation. 

The  advantages  of  the  use  of  wire-cloth  cathodes  were  as  follows : 

1.  Direct  and  effective  circulation  of  the  solution  from  anode  to 
cathode. 

2.  Larger  area  of  cathode  than  of  anode. 

3.  Use  of  a  denser  electric  current  without  waste.     • 

All  of  these  advantages  were  not  appreciated  at  once,  but  became 
gradually  of  more  apparent  importance  as  the  investigation  went  on. 
The  first  experiments  were  tentative,  and  though  the  methods  used 
were  rather  crude,  compared  with  later  ones,  I  give  them  rather  fully 
because  of  the  importance  of  the  details. 
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PSEUHIirABT  EXFETITMEWTS. 

On  September  17, 1900, 1  took  a  box  28^  centimeters  long  by  6  cen- 
timeters deep  and  7  centimeters  wide,  and  holding  1.195  liters  (0.0422 
cubic  foot)  of  liquid.  In  this  were  placed  eight  anodes  made  of  sheets 
of  8-mesh  iron-wire  cloth,  of  wires  1  mm.  in  diameter.  The  nine 
cathodes  were  made  of  iron- wire  cloth  of  80  meshes  to  the  linear  inch. 
The  immersed  area  of  the  cathodes  was  6^  square  inches,  or  0.0476 
square  foot.  The  actual  surface  of  the  cathodes  was  approximately 
double  that  area,  or  13|  square  inches  (0.0952  square  foot).  I  used 
8  liters  of  solution  of  0.2  per  cent  KCy,  assaying  15.87  mg.  of  silver 
per  100  c.  c. 

At  3.40  p.  m.  the  first  experiment  was  started,  the  current  being 
0.20  ampere,  at  1.1  volts,  and  the  solution  containing  0.19  per  cent 
KCy  and  15.87  mg.  of  silver  per  100  c.  c.  The  source  of  current  was  a 
storage  battery  of  2  volts  on  an  open  circuit.  Some  resistance  was 
nsed  in  series  with  the  battery  to  adjust  the  voltage.  At  6  p.  m. 
the  solution  had  passed  through  the  box  once,  and  the  current  was 
found  to  be  0.16  ampere  at  1.26  volts,  the  solution  containing  0.18  per 
cent  KCy  and  5.61  mg.  of  silver  per  100  c.  c.  The  recovery  in  the  one 
passage  through  the  box  was  therefore  64.50  per  cent. 

During  this  experiment  no  evolution  of  gas  at  the  pathodes  was 
risible  or  audible.  After  the  first  run  had  been  finished,  8.4  c.  c  of 
nitrate  of  silver,  or  0.084  gram  of  silver,  got  into  the  solution  by  acci- 
dent. In  order  to  neutralize  this,  a  proper  proportion  of  cyanide  of 
potassium  was  added  to  the  solution.  This  increased  the  original 
assay  value  of  the  solution  to  16.98  mg.  of  Ag  per  100  c.  c.  The  solu- 
tion was  then  left  at  rest  over  night,  with  the  battery  connected.  The 
voltage  rose  to  1.75,  and  the  current  fell  to  0,06  ampere,  and  by  morn- 
ing the  content  of  Ag  had  been  reduced  to  0.»30  mg.  per  100  c.  c. 

At  9.25  a.  m.  the  solution  was  started  a  second^ time  through  the  box. 
The  voltage  was  1.75  volts  and  the  current  0.10  ampere.  The  solution 
had  all  passed  through  at  1.30  p.  m.  The  silver  had  been  reduced  to 
0.74  mg.  per  100  c.  c,  showing  that  there  had  been  precipitated,  in 
the  first  and  second  run,  95.64  per  cent  of  the  original  content. 

At  2.10  p.  m.  the  third  run  was  begun  at  1.75  volts  and  0.2  ampere. 
The  run  was  finished  at  2.50  p.  m.  The  solution  contained  0.16  per 
cent  KCy  and  0.54  mg.  of  silver  per  100  c.  c.  The  recovery  was  96.82 
per  cent. 

At  2.55  p.  m.  the  fourth  run  was  started  at  1.8  volts  and  0.35  am- 
pere. The  solution  contained  0.16  per  cent  KCy  and  0.29  mg.  of  silver  ' 
per  100  c.  c.    The  recovery  was  98.29  per  cent. 

At  3.18  p.  m.  the  fifth  run  was  started  and  was  finished  at  3.35  p.  m. 
The  solution  contained  0.16  per  cent  KCy  and  0.20  mg.  of  silver  per 
100  c.  c.    The  recovery  was  98.82  per  cent. 
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At  3.89  p.  m.  the  sixth  run  was  started  and  was  finished  at  5.14  p.  m. 
The  solution  contained  0.15  per  cent  KCy  and  0.09  mg.  of  silver  per 
100  c.  c.    The  recovery  was  99.47  per  cent 

A  resume  of  the  results  during  the  total  period  of  8.3  hours  follows : 

Results  of  early  experiments  with  electrodeposition  of  silver. 


Ron  No. 

Dnratioo 
of  run. 

Recovery. 

Silver  re- 
maining 
in  residue. 

1 

Sourt. 

1.55 

4.08 

.66 

.40 

.28 

1.55 

PercenL 
64.50 
95.64 
96.82 
98.29 
98.82 
99.47 

Per  cent. 
35.50 
4.36 
3.18 
1.71 
1.18 
.53 

2 

3 

4 

5 

6 

Some  solution  was  consumed  in  the  samples,  but,  making  no  allow- 
ance for  this,  8  liters  of  solution  was  treated,  the  silver  content  being 
reduced  to  0.63  per  cent  in  8.30  hours.  The  box  held  1.2  liters  of 
solution,  but  the  electrodes  occupied  somewhat  less  than  1  liter  of 
this  space,  so  that  the  solution  was  treated  at  the  rate  of  about  1 
liter  per  hour  in  a  1-liter  box,  the  silver  recovery  being  99.47  per 
cent  Thus  the  capacity  of  the  box,  with  wire-cloth  electrodes,  w^is 
24  liters  per  24  hours,  or  nearly  five  times  the  capacity  w^ith  the 
plain  electrodes  used  in  my  experiments  at  Bodie.  The  solution  of 
8  liters  passed  through  the  box  six  times  in  the  8.3  hours,  or  roughly 
speaking,  it  required  1.4  hours  for  8  liters  to  pass  once,  and  hence  it 
required  on  an  average  1.75  hours  for  1  liter  to  pass  through  the  box. 
The  average  rate  of  flow  through  the  box  was  5.7  liters  per  hour. 

CIBCULATION    OF    SOLtTTION. 


The  importance  of  a  proper  rate  of  flow  through  the  box  is  evident 
from  the  following  notes  taken  during  the  first  run : 

12.80  p.  m. — Volts,  1.60;  amperes,  0.120;  solution  in  circulation. 

12.45  p.  m. — Circulation  stopped;  voltage  at  once  raised  to  1.73;  amperes 
fell  to  0.070. 

1.00  p.  m. — Volts,  1.74 ;  amperes,  0.068 ;  solution  at  rest. 

1.30  p.  m. — Volts,  1.75 ;  amperes,  0.060 ;  solution  at  rest 

2.10  p.  m. — Solution  started  through  the  box  for  the  third  time;  volts,  1.75; 
amperes,  0.200. 

In  all  the  experiments,  when  the  circulation  of  the  solution  was 
stopped,  the  current  dropped,  and  the  voltage  rose.  The  solution  was 
made  to  circulate  by  hand,  and  after  having  passed  through  the  box 
once  it  was  placed  again  at  the  head  and  allowed  to  flow  again,  the 
rate  being  regulated  by  the  stopcock.  The  results  from  the  first  run 
indicated  that  I  was  on  the  right  track  to  increase  the  capacity  of 


PBBLIHINABY  EXPERIMENTS. 


61 


the  box,  and  the  subsequent  experiments  were  undertaken  to  de- 
tenuine  the  best  conditions. 

In  all  my  first  experiments  the  circulation  vas  made  by  hand,  as 
described ;  but  it  soon  became  evident  that  a  rapid  rate  of  circula- 
tion was  so  important  that  some  automatic  means  ought  to  be  used. 
For  the  purpose  a  small  crude  centrifugal  pump  like  that  shown  in 
figure  5  was  made. 

A  number  of  persons  have  tried  to  verify  my  results  on  a  small 
ecale  without  using  a  proper  means  of  circulation.  Centrifugal 
pumps  as  small  as  that  shown  are  not  to  be  purchased  and  it  is 


PiovKa  G. — SmaU  double  ceatrllugal  pump  used  In  circulating  aolntloDH. 

necessary  to  make  them,  but  they  need  not  be  elaborate  or  costly. 
The  small  double  centrifugal  pump  shown  can  easily  be  constructed 
in  any  machine  shop  at  small  expense.  It  gives  ample  circulation 
for  electrodes  10  by  10  cm.,  or  4  by  4  inches.  This  size  is  most 
convenient,  as  it  has  a  sectional  area  of  one  one-hundredth  square 
meter  or  one-ninth  square  foot,  and  results  can  be  converted  into 
square  meters  by  multiplying  by  100  or  into  square  feet  by  multiply- 
ing by  9. 

Two  pumps  are  easier  to  use  than  one  because  (hey  run  in  better 
balance  (see  fig.  5).    The  pumps  rest  in  a  planed  base  of  cast  iron  1 
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inch  thick.  The  body  of  the  pump  is  a  square  block  of  cast  iron 
three-fourths  inch  thick,  planed  true  and  faced  on  each  side  with 
graphited  rubber  gaskets.  In  the  center  of  this  plate  a  2-inch 
hole  is  provided.  The  sides  are  of  thin  plates  of  iron,  the  outside 
ones  carrying  a  one-eighth-inch  suction  pipe  having  the  end  turned 
for  a  hard-rubber  hose  attachment.  The  inner  side  carries  a  bear- 
ing, with  stuflSng  box.  The  whole  is  secured  to  the  inner  plate  by  a 
lock  nut.  The  packing  is  well  lubricated  with  a  mixture  of  vaseline 
and  graphite,  and  should  be  adjustable  to  prevent  leakage.  It  is 
important  that  the  shaft  through  the  stuffing  box  should  be  per- 
fectly smooth  so  as  not  to  cut  out  the  packing.  A  pulley  of  thirteen- 
sixteenths-inch  face,  slightly  crowning,  and  of  If-inch  diameter,  is 
driven  by  a  small  electric  motor  or  a  Pelton  water  wheel.  The 
runner  is  constructed  with  four  blades  and  commonly  should  be 
placed  in  a  position  to  be  slightly  eccentric,  and  tangent  only  near 
the  discharge.  The  position  of  tangency  most  desired  is  not  indi- 
cated in  the  particular  pump  here  shown.  The  clearance  elsewhere 
should  be  slight.  It  is  important,  too,  to  drill  at  least  four  one- 
eighth-inch  holes  through  the  web  of  the  runner  to  allow  it  to  run 
in  balance.  A  one-fourth-inch  drill  hole  leads  the  discharge  to 
a  one-eighth-inch  pipe  with  a  hose  connection  at  the  end. 

It  is  astonishing  how  important  .a  small  pump  of  this  kind  is. 
Hand  circulation  is  impracticable.  Air  lifts  produce  an  aerated 
solution  that  *  tends  to  dissolve  the  gold.  The  pump  shown, 
easily  and  cheaply  made,  has  sufficed  for  thousands  of  experiments 
and  is  still  in  good  order.  Of  course,  for  work  on  a  large  scale,  a 
well-designed  centrifugal  pump  would  be  necessary. 

EPPEGTS  OF  INGBEASING  THE  BATE  OP  FI.OW. 

Most  of  the  following  experiments  were  conducted  with  solutions 
of  pure  silver  potassium  cyanide  (KLAigCya),  which  was  cheap  and 
convenient.  The  solutions  were  highly  concentrated  and  were  after- 
wards diluted  to  form  the  free  cyanide  solution  desired,  to  which 
also  other  pure  chemicals  such  as  KHO,  or  CaHjOj,  and  KCy  were 
added  as  necessary.  When  proper  precipitation  had  been  pro- 
cured the  silver  content  was  again  raised  by  adding  the  proper 
volmne  of  the  strong  solution,  after  which  the  process  was  con- 
tinued. Only  in  this  way  could  the  many  variable  factors  be  kept 
under  control.  By  the  use  of  the  rigid  electrodes  and  of  proper 
insulating  spaces  the  anodes  and  cathodes  could  be  brought  within 
one-eighth  inch  of  one  another  with  perfect  safety.  A  more  com- 
pact construction  is  well  nigh  impossible. 

At  first  I  gradually  increased  the  rate  of  flow  and  found  that  the 
capacity  of  the  box  increased  proportionally.    The  rate  was  first 
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increased  to  8  liters  per  hour,  being  subsequently  increased  to  10, 
30,  60,  and  finally  120  liters  per  hour.  The  space  occupied  by  the 
electrodes  was  about  1  liter.  Also  it  was  found  convenient  to  in- 
crease the  volume  of  the  solution  to  about  22  liters.  The  results  of 
a  number  of  tests  follow : 


FicuRB  6. — ElectrodepositloD  resnlts  with  silver  cyanide  aolntlon  with  rate  of  flow  of 
60  liters  per  hoar ;  yeloclty,  9.4  Inches  per  minute  through  open  box,  21  inches  through 
cathodes ;  22  cathodes  of  SO-mesh  iron  wire,  each  24  by  21  Inches ;  area,  6.460  square 
laches;  actual  wire  surface,  1  cathode,  0.1147  square  foot,  22,  2.5234  square  feet; 
estimated  elfectlTe  surface,  1  cathode,  0.1  square  foot,  22,  2.2  square  feet;  8  anodes 
of  S-mesh  Iron  wire. 

On  October  6,  1900, 1  made  an  experiment  with  22  sheet  cathodes 
of  30-mesh  wire  cloth,  and  8  anodes  of  8-mesh  wire  cloth.  The 
cathodes  were  2J  by  2f  inches  in  size.  The  volume  of  the  solution 
treated  was  22  liters.  The  rate  of  flow  was  60  liters  per  hour;  the 
velocity  of  flow  was  9.4  inches  through  the  open  box  and  21  inches 
per  minute  through  the  cathodes.  The  estimated  effective  surface  of 
one  cathode  was  approximately  0.1  square  foot,  so  that  22  cathodes 
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gave  an  effective  surface  of  2.2  square  feet,  and  the  actual  surface 
of  the  wires  was  2.52  square  feet.  The  results  of  this  experiment  are 
shown  in  figure  6. 

It  will  be  noticed  that  there  is  a  slow  but  continuous  decrease  in 
the  value  of  the  cyanide  solution.  The  assay  value  of  the  silver 
begins  at  16.91  mg.  per  100  c.  c,  or  4.93  ounces  per  ton.  The  voltage 
is  between  1.7  and  1.9  volts.  Attention  is  called  to  the  silver  pre- 
cipitation curve.  The 
fall  of  the  silver  is  very 
rapid  during  the  first 
three  hours,  during  the 
next  two  hours  it  be- 
comes slower,  and  after 
five  hours  it  appears  as 
an  asymptote  to  the  x 
axis,  when  the  current 
is  seen  to  be  not  eco- 
nomically used. 

The  effect  of  the  in- 
creased rates  of  flow  is 
shown  in  figure  7. 

In  the  experiment 
here  represented  the 
rate  of  flow  was  in- 
creased to  120  liters 
per  hour  (velocity,  42 
inches  per  minute 
through  cathodes),  or 
double  that  employed 
in  obtaining  the  results 
shown  in  figure  6 ;  other 
conditions  were  the 
same  as  in  figure  6.  It 
will  be  noticed  that  the 
silver  was  much  more 
rapidly  precipitated 
than   in  the  previous 
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FiGUBB  7. — Blectrodepositlon  results  with  silver  solution 
with  rate  of  flow  of  120  liters  per  hour;  velocity, 
about  19  inches  per  minute  through  open  hox,  41 
inches  through  cathodes ;  anodes  and  cathodes  same 
as  in  figure  6.     Voltage  varied. 


experiment.  The  voltage  in  this  experiment  varied  between  2.1  and 
2.5  volts.  In  spite  of  the  high  current  density,  there  was  no  gas  visi- 
ble on  either  cathodes  or  anodes,  so  long  as  the  solution  was  in  circu- 
lation. 

Figure  8  shows  the  results  of  an  experiment  similar  to  that  repre- 
sented in  figure  7,  except  that  the  area  of  cathodes  was  increased. 
Twenty-two  old  cathodes  of  30-mesh  iron  wire  and  two  new  cathodes, 
each  consisting  of  10  sheets  of  1-mm.  wire  cloth,  were  used.    The  effec- 
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tive  surface  area  of  the  cathodes  was  approxiihately  4.2  square  feet, 
or  twice  that  of  the  cathodes  used  for  the  previous  test.  In  this  ex- 
periment the  voltage  was  controlled  better  than  before.  In  the  be- 
ginning 2.03  volts  was  employed,  but  after  two  and  one-quarter  hours 
the  potential  was  raised  to  2.5  volts,  remaining  thus  until  five 
and  one-quarter  hours  had  passed.  At  the  end  of  the  five  and  one- 
quarter  hours  a 
new  charge  of  « 
KAgCja  was  add- 
ed, bringing  the 
total  volume  again 
to  21.65  liters 
and  replacing  the 
solution  used  .  in 
the  samples.  It 
will  be  noticed 
that  the  current 
immediately  rose 
from  0.6  ampere, 
which  had  been 
maintained  b  y 
the  2.5  volts,  to 
1.45  amperes,  and 
that  the  voltage 
fell  to  2.35,  show- 
ing that  the  solu- 
tion had  become 
abetter  conductor. 
It  will  also  be  no- 
ticed that  the  pre- 
cipitation of  sil- 
ver was  much  bet- 
ter after  a  new 
charge   had   been        ^  hours 

added'    than     be-    ^'°^^'  ^* — Electrodeposltion  resQlts  with  sUyer  solution  with 

fore.  Two  hours 
after  the  silver  so- 
lution had  been 
added,  the  silver 
content  had  been 

reduced  from  17.38  mg.  per  100  c.  c.  to  0.13  mg.,  or  0.038  ounce  per 
ton.  As  stated  above,  the  area  of  cathodes  exposed  was  twice  the 
area  of  the  cathodes  shown  in-  figure  6.  The  precipitation  capacity 
of  the  box  had  increased  enormously.  It  was  possible  to  make  a  new 
precipitation  after  adding  a  new  charge  of  silver  at  the  end  of  two 
hours. 


rate  of  flow  ot  120  liters  per  hour  and  larger  cathode  area. 
Velocity  of  flow,  19  inches  per  minute  through  open  box, 
42  inches  through  cathodes;  22  used  cathodes  of  30-mesh 
wire  cloth  and  2  new  cathodes,  each  of  10  sheets  of  1-mm. 

wire  cloth;  actual  wire  surface  of  one  cathode,  sq. 

cm. ;  estimated  effectiye  surface  of  42  cathodes,  4.2  square 
feet. 
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Figure  9  shows  the  results  of  an  attempt  to  increase  the  flow  of  solu- 
tion to  180  liters  per  hour.  The  whole  of  the  solution  passed  through 
the  box  nearly  nine  times  in  one  hour,  and  as  the  box  held  about 
a  liter,  an  amount  equal  to  180  times  the  volume  of  the  box  passed 
through  in  each  hour.  Forty  wire-cloth  cathodes  and  seven  wire-cloth 
anodes  were  used  in  this  experiment.  The  cathodes  were  3.5  by  2.0 
inches  square  and  had  a  total  surface  area  of  6.38  square  feet.    It 
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Figure  9. — Electrodepositlon  results  with  silver  solution  with  rate  of  flow  of  180  Utera 
per  hour ;  velocity,  20  luches  per  minute  in  open  box,  45  Inches  through  cathodes ;  7 
anodes  of  8-mesh  wire  cloth ;  40  cathodes  of  SO-mesh  wire  cloth ;  actual  surface  area, 
6.88  square  feet. 

will  be  noticed  that  the  precipitation  curves  show  that  the  capacity 
of  the  box  increased  rapidly,  a  new  charge  being  added  at  the  end 
of  two  hours  and  another  at  the  end  of  five  hours.  The  voltage  dur- 
ing the  first  two  hours  was  3,  and  during  the  rest  of  the  time  4.  The 
precipitation  curves  show  successively  better  results. 

As  the  precipitation  became  more  effective,  another  feature  no- 
ticed was  that  free  cyanide  was  regenerated  from  the  cyanide  com- 
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bined  with  the  precipitated  silver.  This  feature  was  seen  for  the 
first  time  in  the  experiment  represented  in  figure  10.  In  this  experi- 
ment the  flow  of  solution  was  increased  to  300  liters  per  hour.  The 
entire  solution  passed  through  the  box  15  times  in  one  hour.  It  will  be 
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FiGUBB  10. — Electrodepositlon  results  wltb  silver  solution;  rate  of  flow  of  SOO  liters 
per  hour ;  velocity  through  open  box,  34  inches  per  minute ;  volume  of  solution,  22 
liters ;  7  anodes,  S-mesh  wire  cloth ;  66  cathodes  of  30-mesh  wire  cloth ;  wetted  area, 
3.5  by  2.6«»9.1  square  inches;  actual  surface  area,  0.01773  square  foot  per  square 
bich  of  cloth;  for  56  cathodes,  8.936  square  feet;  length  of  electrodes,  5i  inches; 
volume,  47.7  cubic  inches  or  0.782  liter. 

noticed  that  at  the  end  of  every  two  hours  a  new  charge  of  KAgCy,? 
with  sufficient  water  to  bring  the  volume  up  to  22  liters,  was  added 
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to  the  solution.  The  voltage  was  kept  steady  for  the  first  six  hours  at 
4,  and  during  the  last  hour  and  a  half  w.as  raised  to  5  volts.  It  will 
be  noticed  also  that  the  precipitation  increased,  especially  between 
the  sixth  and  seventh  hours.  The  silver  content  and  the  current  fell 
simultaneously,  although  the  amperage  did  not  fall  quite  as  rapidly 
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FiocBE  11. — Results  of  electrodeposltion  of  sUver  with  NaCl  added  to  the  solution; 
rate  of  flow,  300  liters  per  hour ;  yeloclty,  35  inches  per  minute  through  open  box,  79 
Inches  through  cathodes ;  yolume  of  solution,  22  liters ;  11  anodes  of  8-mesh  wire 
cloth ;  50  cathodes  of  30-mesh  cloth ;  total  surface  area,  5.735  square  feet ;  length  of 
electrodes,  18.75  cm. ;  volume  occupied.  56.25  cm.  or  1.065  liters. 

as  thQ  silver  content.  It  will  be  further  noticed  that  during  the 
rapid  precipitation  of  the  silver  at  the  beginning  of  the  experiment 
the  solution  contained  0.202  per  cent  cyanide,  whereas  at  the  end  of 
one  and  one-half  hours  it  had  increased  to  0.21  per  cent.  During  the 
last  half  hour  it  fell  again  to  2.09  per  cent.    After  a  new  charge  of 
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KAgCyj,  containing  no  free  cyanide,  had  been  added  to  replace  the 
assay  samples,  the  cyanide  had  again  increased  from  0.209  to  0.22  per 
cent,  falling  slightly  again  at  the  end  of  one  and  one-half  hours,  and 
rising  each  time  a  new  charge  of  KAgCy,  was  added  to  the  solution. 
There  is  no  doubt  about  the  titration  of  the  cyanide. 

The  increase  of  cyanide  during  the  precipitation  period  was  seen 
still  more  clearly  in  the  experiment  represented  in  figure  11.    The 
volume  of  solution  and  the  rate  of  flow  are  the  same  as  before.    The 
number  of  cathodes  is  50  and  the  voltage  4.     Three  charges  of 
KAgCy,  were  treated,  each  containing  3.76  grams  of  silver.    It  will 
be  noticed  that  during  the  first  hour  the  cyanide  had  risen  from 
0.194  to  0J207  per  cent,  falling  again  in  80  minutes  to  0.202  per  cent 
as  the  silver  was  removed.    When  a  new  charge  of  silver  cyanide 
was  added  it  rose  to  0.205,  but  fell  at  the  end  of  three  hours  to  0.199 
per  cent.    At  the  end  of  five  hours  a  new  charge  of  silver  cyanide 
containing  no  free  cyanide  was  added,  together  with  22  grams  of 
salt.  The  salt  was  added  to  determine  whether  the  increased  conductiv- 
ity of  the  solution,  owing  to  the  presence  of  the  salt,  would  increase 
the  rapidity  of  the  precipitation.    The  salt  did  have  somewhat  such 
an  effect.    It  will  be  observed,  however,  that  there  is  a  continued 
destruction  of  the  cyanide  by  chlorine,  resulting  from  the  decompo- 
sition of  the  salt,  which  reduced  the  cyanide  from  0.199  to  0.18 
per  cent. 

CAFACITY    OF    BOX. 

The  estimated  capacity  of  the  box  is  shown  in  figure  11.  The 
capacity  of  the  box  with  plain  electrodes  without  circulation,  as  al- 
ready stated,  was  about  5  tons  for  a  1-ton  box  in  24  hours.  In  the  first 
half  hour,  a  precipitation  of  82.8  per  cent  was  obtained.  In  the  first 
half  hour  of  the  second  period  a  precipitation  of  87.4  per  cent  was 
obtained,  and  in  the  first  half  hour  of  the  third  period  the  precipita- 
tion was  98.1  per  cent.  The  volume  treated  was  22  liters,  and  the 
volume  occupied  by  the  50  cathodes  and  11  anodes  was  1.055  liters. 
Dividing  22  by  1.055  we  have  for  a  half -hour  period  a  precipita- 
tion capacity  of  20.85  times  the  volimie  occupied  by  the  electrodes, 
or  1000.8  for  24  hours.  Clearly  a  box  holding  1  ton,  and  fitted  with 
electrodes  as  described,  will  handle  over  1,000  tons  in  24  hours.  As 
a  result  of  the  investigation  I  was  able  to  increase  the  precipitation 
capacity  of  the  box  filled  with  wire-cloth  anodes  and  cathodes  to 
more  than  200  times  that  of  a  similar  box  with  plain  electrodes. 

The  effect  of  the  increased  capacity  was  shown  still  more  strongly 
in  the  experiment  represented  in  figure  12.  The  flow  was  increased 
to  720  liters  per  hour,  and  the  voltage  was  increased  to  9.  The  first 
treatment  was  for  two  hours,  when  8.76  grams  of  silver  was  added  to 
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replace  the  silver  in  assay  samples.  The  recharging  of  the  solution 
was  repeated  every  hour  for  the  next  four  hours,  and  the  rapid  re- 
generation of  the  cyanide  is  shown  clearly  by  the  upper  curve.  The 
rapid  deposition  of  the  silver  is  also  shown,  and  the  increased 
capacity  of  the  box  should  also  be  mentioned. 
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Figure  12. — ElectrodepositlOD  results  with  a  rate  of  flow  of  720  liters  per  hour ;  voliune 
treated,  22  liters ;  velocity  of  flow,  84  inches  per  minute  through  open  box,  189  Inches 
through  cathodes. 

If  the  assay  value  of  the  solution  be  considered  as  reduced  to  about 
half  an  ounce  of  silver  per  ton,  the  capacity  of  the  box  can  be  figured 
at  1,056  tons  per  24  hours  for  a  1-ton  box;  if  the  silver  be  considered 
to  be  reduced  to  a  little  more  than  an  ounce  per  ton  the  capacity  can 
be  figured  as  2,540  tons  per  24  hours  in  a  1-ton  box. 
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USE  OF  PEBOXIDIZED-LEA])  ANODES  AlTD  WIBE-CLOTH  CATHOBE& 

In  the  preceding  tests  an  important  difficulty  was  encountered. 
The  precipitation  capacity  of  the  box  had  been  increased  so  rapidly 
that  the  30-mesh  wire  cloth  became  clogged  with  precipitated  silver, 
which  interfered  with  the  circulation  of  the  solution.     The  wire- 
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FiGuss  13. — ^Electrodeposition  lesults  with  peroxldized-lead  anodes  and  wire-cloth 
cathodes ;  yolume  of  solution  at  start,  22  liters,  containing  8.76  grams  Ag  as  KAgCy^ 
22  grams  KIIO,  and  45  grams  KCy ;  rate  of  flow,  420  liters  per  hour ;  Telocity  through 
open  bozp  63  Inches  per  minute ;  through  cathodes,  142  inches. 

cloth  anodes  also  had  become  somewhat  coated  with  ferric  hydrate. 
An  attempt  was  made  to  obviate  these  troubles. 

I  started  with  one  peroxidized-lead  anode,  made  of  perforated 
sheet  lead,  and  with  four  cathodes  each  formed  from  five  sheets  of 
16-mesh  iron-wire  cloth,  3  inches  wide  and  2 J  inches  deep  in  the 
solution,  a  new  box  having  been  made  for  the  purpose.  The  rate  of 
flow  was  7  liters  per  minute,  or  420  liters  per  hour.    With  only  one 
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ment.  At  first  only  1  volt  was  applied,  and  instead  of  getting  pre- 
cipitation of  silver,  the  silver  already  precipitated  redissolved,  as 
can  be  seen  from  the  silver-precipitation  curve  in  figure  15.  The 
curve  starts  at  16.78  mg.  per  100  c.  c,  and  rises  to  25  mg.  per  100 
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FiouKH  18. — Electrodeposition  results  with  carbon  anodes  not  coated  with  vaseline ;   22 

liters  of  water  used,  containing  44  grams  KCy,  22  grams  KIIO,  3.7G  grams  Ag  as 

KAgC72 ;  rate  of  flow,  3G0  liters  per  hour ;  Telocity  through  open  box,  42  Inches  per 

minute;  through  cathodes,  06;  6  anode  "  combs"  and  70  cathodes  (same  as  In  fig.  14 > 

used ;  cathode  area,  6.6  square  feet.     Owing  to  low  voltage  or  poor  contacts,  some  Ag 

was  redissolved  during  first  part  of  test  and  KCy  absorbed. 

c.  c.  in  the  first  few  minutes,  then  continues  to  rise  and  indicates 
27.6  mg.  per  100  c.  c.  at  the  end  of  the  first  quarter  of  an  hour.  The 
silver  then  decreased  to  26.76  mg.,  increased  again  to  27.62,  and  fell 
again  at  the  end  of  2J  hours  to  25.    At  the  end  of  3  hours  the  volt- 
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age  was  increased  to  1.3  volts.  At  this  point,  the  content  of  silver, 
which  originally  had  been  only  16.78  mg.,  had  increased  to  24  mg. 
With  1.3  volts,  the  silver  began  promptly  to  come  down,  and  at 
the  end  of  the  next  two  hours  the  silver  content  had  decreased  to 
3.08  mg.  when  a  new  charge  of  silver  cyanide  was  added,  bring- 
ing the  content  up  to  20.86  mg.  The  voltage  was  increased  to  1^ 
volts,  whereupon  the  silver  was  rapidly  precipitated,  being  reduced 
in  two  hours  to  0.15  mg.,  or  about  0.05  ounce  per  ton.  It  will  be 
noticed  that  during  the  whole  time  that  silver  had  been  dissolving 
from  the  cathode,  free  cyanide  had  been  falling  simultaneously. 
As  soon  as  the  silver  began  to  be  precipitated,  it  rose  again,  and  at 
the  end  of  the  process,  the  cyanide  content,  which  originally  was 
0.191  per  cent,  had  fallen  to  0.18  per  cent.  The  experiment  clearly 
shows  that  1  volt  is  not  suflBcient  for  the  effective  precipitation  of 
sil?er,  that  1.3  volts  is  the  minimum,  a^d  that  a  higher  voltage  than 
this  is  better. 

EZFEBIHENTS  ON  THE  BEGENESATIDN  OF  CTAHIDE. 

I  have  already  called  attention  to  the  regeneration  of  the  cyanide 
combined  with  the  silver  to  be  precipitated.  The  following  experi- 
ments were  undertaken  to  study  the  matter  further.  It  was  desired 
to  avoid  the  oxidation  of  cyanide  at  the  anode  as  much  as  possible; 
accordingly  only  IJ  volts  was  employed.  The  solution  used  on  a 
previous  day  was  brought  to  a  volume  of  22  liters  by  adding  the 
requisite  amount  of  water.  It  then  contained  0.189  per  cent  KCy 
and  0.1  per  cent  KHO.  The  rate  of  flow  was  480  liters  per  hour. 
The  electrodes  occupied  about  1  liter  of  space.  The  same  anodes 
and  cathodes  were  used  as  before  (see  fig.  14).  The  results  of  this 
test  are  shown  in  figure  16. 

At  the  end  of  the  first  hour  it  is  seen  that  the  silver  content  had 
fallen  from  17.36  mg.  per  100  c.  c.  to  4.58  mg.  leaving  only  about 
tli  ounces  per  ton  in  solution.  Then  a  new  charge  of  3.76  grams  of 
^gCy,  was  added,  and  sufficient  water  to  bring  the  volume  back 
to  22  liters  after  the  samples  had  been  taken  out.  This  brought  the 
silver  content  up  to  21.64  mg.  per  100  c.  c. 

At  the  end  of  the  second  hour  the  silver  content  had  fallen  to  2.29 
Bag.  per  100  c.  c,  or  about  0.78  ounce  per  ton.  A  new  charge  of  silver 
Was  added,  as  before,  and  at  the  end  of  the  third  hour  the  silver  con- 
tent had  fallen  to  0.74  mg.  per  100  c.  c,  or  0.25  ounce  per  ton.  A 
new  diarge  was  then  added,  and  at  the  end  of  the  fourth  hour  the 
silver  had  been  reduced  to  0.6  mg.  per  100  c.  c,  or  to  0.2  ounce  per 
ton.  A  new  charge  of  silver  was  then  added,  and  at  the  end  of  the 
fifth  hour  the  content  had  fallen  again  to  0.28  mg.  per  100  c.  c,  or 
to  0.09  ounce  per  ton.    A  new  charge  was  then  added,  and  at  the  end 
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of  the  sixth  hour  the  content  had  again  fallen  to  0.7  mg.  per  100 
c.  a,  or  to  0.25  ounce  per  ton.  A  new  charge  was  then  added,  and  at 
the  end  of  the  seventh  hour  the  content  had  been  reduced  to  0.33 


0  1  2  8  4 

HOUBS 

FiouBB  16. — Eiectrodeposition  results  showtng  regeneration  of  cyanide.  Eight  Uters  of 
water  added  to  previously  used  silver  cyanide  solution  to  make  up  22  liters,  contain* 
ing  about  22  grams  of  KHO.  Anodes  and  cathodes  same  as  in  fig.  15.  Bate  of  flow, 
480  liters  per  hour ;  velocity  per  minute  through  open  box,  56  Inches ;  through 
cathodes,  127.  At  1,  2,  8,  4,  5,  and  6  hours  added  8.76  grams  Ag  as  KAgCy  and 
0.25  liter  of  water  to  bring  volume  up  to  22  liters.    Note  recovery  of  cyanide. 

mg.  per  100  c.  c,  or  0.11  ounce  per  ton.  The  test  was  continued 
for  another  hour,  at  the  end  of  which  time  the  silver  in  solution 
had  been  reduced  to  0.1  mg.  i)er  100  c.  c.  or  0.03  ounce  per  ton. 
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It  will  be  observed  that  the  cyanide  titration  shows  a  continuous 
rise  iQ  cyanide  content.  At  the  start  the  cyanide  content  was  0.189 
per  cent,  and  at  the  end  of  the  first  hour  it  had  risen  to  0.1d4  per 
cent,  dropping  again  on  account  of  dilution  with  water  to  0.192  per 
cent*  At  the  end  of  the  second  hour  it  had  risen  to  0.21,  dropping 
again  by  dilution  to  0.208.  At  the  end  of  the  third  hour  it  had  risen 
to  0.218,  dropping  again  by  dilution  to  0.216.  At  the  end  of  the 
fourth  hour  it  had  risen  to  0.226,  dropping  again  by  dilution  to  0.224. 
At  the  end  of  the  fifth  hour  it  had  risen  to  0.238.  At  the  end  of  the 
sixth  hour  it  had  risen  to  0.246,  again  dropping  by  dilution  to  0.248. 
At  the  end  of  the  seventh  hour  it  had  risen  to  0.253,  and  at  the  end  of 
the  eighth  hour  it  had  risen  to  0.255  per  cent 

The  total  actual  rise  in  the  cyanide  content,  as  shown  by  titration, 
was  0.066  per  cent.  If  to  this  be  added  the  amount  of  cyanide  in  the 
quantity  of  solution  taken  out  for  the  assays,  which  was  about  250 
c.  c  each  time,  the  total  saving  of  cyanide  is  0.084  per  cent.  Multi- 
plying this  result  by  the  weight  of  the  solution,  taken  as  22  kg., 
gives  an  actual  saving  of  18.48  grams  KCy,  which  was  formerly 
combined  with  about  22.56  grams  of  silver.  Taking  the  molecu- 
lar weight  of  KCy  as  130  and  the  atomic  weight  of  silver  as  108,  if 
all  the  cyanide  had  been  recovered  there  would  be  1.2036  grams  of 
KCy  for  every  gram  of  silver  precipitated.  On  this  basis,  as  there 
was,  roughly,  22.56  grams  silver  precipitated,  there  would  be  saved 
27.07  grams  KCy.  The  amount  actually  recovered  was  18.48  grams, 
or  slightly  more  than  68  per  cent  of  the  cyanide  originally  combined 
with  the  silver.  It  is  evident,  therefore,  that  all  of  this  cyanide  was 
not  recovered,  but  a  sufficient  amount  was  saved  to  make  this  saving 
a  highly  important  factor  in  the  cost  of  precipitation. 

It  will  be  noticed  that  the  curves  representing  the  cyanide  content 
all  are  rising  where  the  silver  is  being  rapidly  precipitated.  Between 
the  sixth  and  seventh  hour,  and  particularly  at  the  end  of  the  seventh 
hour,  the  curve  of  the  recovered  cyanide  rises  more  rapidly  than 
later,  when  the  silver  has  been  mostly  precipitated.  Toward  the  end 
of  the  experiment  the  destruction  of  cyanide  begins  to  prevail  over 
the  regeneration,  whereupon  the  curve  rises  more  slowly,  and  finally 
begins  to  fall.  This  is  caused  by  oxidation,  which  is  constantly  tak- 
ing place  at  the  anodes. 

Attention  is  particularly  directed  to  the  parallelism  between  the 
fall  of  the  ampere  curves  and  those  showing  .the  precipitation  of  the 
sUver.  This  is  most  clear  between  the  sixth  and-  eighth  hours,  where 
the  ampere  curve  falls  abruptly  from  1.5  amperes.  When  the  silver 
has  fallen  to  0.2  mg.  per  100  c.  c,  and  has  been  practically  exhausted, 
as  at  the  end  of  7^  hours,  the  ampere  curve  h^s  fallen  to  0.61.  Here 
it  remains  constant  during  the  rest  of  the  e^^periment. 
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This  phenomenon  suggests  a  very  simple  method  of  controlling  the 
precipitation  without  assaying  the  solution.  If  the  voltage  is  main- 
tained constant,  the  ampere  curve  shows  the  critical  point  at  which 
it  is  best  to  stop  precipitation.  The  point  at  which  the  ampere  curve 
becomes  constant  is  the  most  economical  point  to  stop  precipitation. 
At  this  point  the  recovery  of  cyanide  reaches  the  maximum,  and  a 
further  continuation  of  precipitation  is  wasteful  of  electric  current. 

Dicing  this  test  assay  samples  were  taken  every  15  minutes,  but 
in  practice  sampling  at  longer  intervals  would  suffice  to  correct  the 
reading  of  the  ammeter.  This  method  of  controlling  the  work  I 
consider  to  be  of  great  practical  importance  industrially,  and  the 
benefit  can  be  gained  only  where  a  large  volume  of  solution  which  is 
being  rapidly  circulated  is  treated,  as  here  shown.  The  subject  of 
cyanide  regeneration  is  considered  more  fully  in  subsequent  pages. 

BTTSTISTG  OP  ISON-WIBE  CATHODES. 

Attention  should  be  called  to  another  point  that  is  evident  In 
nearly  all  the  later  tests,  but  is  also  shown  very  clearly  in  the  fore- 
going experiment.  As  the  experiments  were  conducted  intermittently 
and  could  only  be  carried  on  in  the  daytime,  between  the  testa  the 
wire-cloth  electrodes  became  more  or  less  rusted  by  the  action  of 
moisture  on  the  wires,  which  were  coated  with  silver.  As  is  well 
known,  under  such  circumstances  a  local  action  sets  in,  which  causes 
rusting  of  the  iron  wire.  When  the  cathodes  were  first  immersed  in 
the  solution,  much  of  the  electric  current  was  consumed  in  reducing 
this  oxide  of  iron,  and  hence  was  not  available  for  the  precipitation 
of  silver.  It  will  be  noticed  that  the  precipitation  improves  during 
the  conthiuation  of  the  process.  Other  causes  of  this  increase,  aside 
from  the  dissolution  of  the  rust,  are  that  the  conductivity  of  the 
solution  gradually  increases,  owing  to  the  presence  of  a  larger  amount 
of  cyanide  and  other  salts,  and  that  the  surface  of  the  wire-cloth 
cathodes  becomes  covered  with  silver,  making  them  better  electrical 
conductors.  From  these  three  reasons  it  is  evident  that  the  rusting 
of  the  wire  cloth  will  not  take  place  whenever  it  is  possible  to  have 
the  process  in  continuous  use. 

TBEATMENT   OF   BICH   SILVEB  CYANIDE  SOLUTIOKS. 
EXPERIMENT  WrTH  SODIUM  CHIiOXIDE  IN  THE  SOLUTION. 

The  experiments  hitherto  described  were  conducted  with  silver  solu- 
tions that  were  comparable  in  richness  with  those  that  occur  in  the 
treatment  of  ordinary  ores.  Experiments  were  next  undertaken  with 
a  richer  solution,  containing  119.11  mg.  of  silver  per  100  c.  c.  (see 
fig.  17),  or  about  41  ounces  per  ton.    In  other  respects  the  solu- 
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tion  treated  was  similar  to  those  i6ed  before,  consisting  of  22  liters 
of  0.1  per  cent  free  KHO,  with  0.237  per  cent  KCy.  In  order  to  in- 
crease the  conductivity  of  the  solution,  about  1  per  cent  of  NaCl  was 
added,  and  the  circulation  J964 
was  at  the  rate  of  9^  li- 
ters per  minute,  or  570 
liters  per  hour.  Six  un- 
ooated  carbon  anode  combs 
were  used ;  also  14  "bunch- 
es of  five,"  or  70  in  all, 
of  the  16-mesh  iron-wire 
cathodes,  with  a  total 
area  of  6.6  square  feet. 
The  voltage  was  1.5. 

Begeneration  of  the  cy- 
anide reached  a  maximum 
in  this  experiment  at  the 
end  of  two  and  one-half 
hours,  when  the  cyanide 
content  had  risen  to  0.295 
per  cent,  after  which  it 
slowly  declined  to  0.273 
per  cent,  owing  to  the  ac- 
tion of  chlorine  and  oxy- 
gen, set  free  at  the  anode. 
It  will  be  noticed  that 
there  is  again  a  close  par- 
allelism between  the  am- 
pere curve  and  that  of 
the  rate  of  precipitation 
of  the  silver.  Both  curves 
change  direction  rapidly  a 
little  after  three  hours,  the 
amperage  falling  from 
2.57  to  0.70  at  the  end  of 
that  time,  and  the  silver 
from  119.11  to  2  mg. 

The  effect  of  stopping 
circulation  of  the  solu- 
tion is  shown  at  the  end 
of  three  and  one-fourth 
hours,  at  which  time  the 
belt  <Hi  the  pump  accidentally  broke.  The  current  immediately 
dropped  from  0.73  to  0.65,  rising  again  to  its  place  on  the  curve  as 
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HOURS 

FiouRB  17. — Electrodepoflitlon  resnlts  with  richer  so- 
lution. Twenty-two  liters  of  solution,  containing 
119.11  mg.  of  silver,  22  grams  KHO,  220  grams 
NaCl,  and  0.287  per  cent  KCy.  Six  uncoated 
*'  Blectra "  carbon  anode  combs.  Cathodes,  14 
bunches  of  6  each,  of  lO-mesh  wire  cloth ;  total 
area,  6.59  square  feet.  Bate  of  flow,  570  liters 
per  hour ;  velocity  through  open  box,  66  Inches 
per  minute;   through  cathodes,   150. 
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soon  as  the  pump  was  started.  At  the  end  of  five  and  three-fourths 
hours,  the  circulation  being  maintained,  the  current  was  0.70,  and 
when  the  circulation  was  stopped  it  fell  at  once  to  0.65. 

EXPERIMENT  WITHOUT  SODIUM  CHLORIDE. 

In  order  to  determine  whether  the  use  of  salt  in  the  solution  was 
beneficial  the  experiment  was  repeated  without  salt.    The  same  vol- 
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FiouBB  18. — ^Electrodepositlon  results  with  rich  sllyer  solation  and  no  NaCl.  Solution, 
22  liters,  containing  42.24  grams  KCy,  25.33  grams  Ag  as  KAgCja,  and  22  grams 
KHO.  Rate  of  flow,  540  liters  per  hour;  velocity  per  minute  through  open  box,  68 
inches ;  through  cathodes,  141.  Anodes  and  cathodes  same  as  in  figure  17 ;  cathodes 
were  coated  with  sllyer  and  rusted  from  standing  over  night  after  removal  from  the 
salt  solution  used  in  the  previous  test. 

ume  of  solution,  containing  0.1  per  cent  KHO  and  0.192  per  cent 
KCy  and  115.14  mg.  of  silver  per  100  c.  c.  was  used.  The  flow  was  540 
liters  per  hour.  The  same  cathodes,  which  had  been  coated  with, 
silver,  were  used  as  in  the  previous  experiment  (fig.  17).  The  re- 
sults of  the  test  are  shown  in  figure  18.  The  ampere  curve  was  de- 
cidedly different  in  form  from  that  of  the  former  experiment.  It 
started  at  1.33  amperes,  falling  in  one-fourth  hour  to  1.30,  then 
rising  rapidly  to  1.75  at  the  end  of  three  hours.    This  value  it  main- 
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tained  until  four  hours  and  twenty  minutes  of  the  total  period  had 
passed,  when  it  fell  precipitately  until,  at  the  end  of  five  and  three- 
fourths  hours,  it  had  become  0.53  ampere.  There  it  remained  constant 
until  a  total  of  seven  hours  had  passed,  when  the  experiment  was 
stopped.  It  will  be  noted  that  the  increase  of  cyanide  content  did 
not  b^in  until  one  hour  had  passed,  when  it  rose  from  0.192  to  0J276 
per  cent  At  this  point  most  of  the  silver  had  been  precipitated.  At 
the  end  of  five  and  one-half  hours  the  cyanide  content  began  to  fall, 
and  at  the  end  of  the  test  was  0.264  per  cent. 

It  is  evident  from  a  study  of  these  curves  that  the  experiment 
should  have  been  stopped  at  the  end  of  five  hours,  when  the  recovery 
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PiGcsi  19. — ^Resnlts  of  tests  with  and  without  use  of  salt  compared.    A,  cnnres  from 
test  shown  in  flg.  17,  salt  used.     B,  curves  from  test  shown  in  fig.  18,  no  salt  used. 

of  cyanide  was  at  the  maximum.  After  that  time  the  current  was 
not  used  economically,  and  little  silver  was  precipitated.  The  irregu- 
lar rise  of  the  current  was  evidently  due  to  the  rusting  of  the  cathodes, 
which  had  stood  over  night  wet  with  salt  solution.  The  silver  did 
not  begin  to  come  down  rapidly,  and  the  cyanide  to  be  regenerated, 
nntil  this  rust  had  been  reduced  by  the  current.  If  the  cathodes 
had  been  perfectly  free  from  rust  no  doubt  the  current  would  have 
started  at  about  1.75  amperes,  and  would  have  remained  nearly  con- 
stant, and  the  silver  would  have  been  precipitated  much  earlier  in  the 
experiment.  The  voltage  and  amperage  were  read  every  15  minutes 
with  Weston  standard  meters.  At  the  start  and  at  the  end  of  each 
hour  a  250-c.  c.  sample  was  taken  for  cyanide  titrations  and  for  silver 
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assays.  It  will  be  observed  that  the  electrical  efficiency  was  ex- 
tremely high  as  long  as  there  was  any  silver  to  be  precipitated,  but 
that  it  fell  rapidly  when  the  silver  content  became  diminished.  The 
relative  efficiency  in  the  two  tests  is  best  shown  in  figure  19. 

COMPARISON  OF  RESULTS. 

If,  neglecting  the  oxidation  at  the  anode,  we  assume  that  the  silver 

is  precipitated  at  the  cathode  by  the  potassium  ion,  then  for  every 

atom  of  silver  precipitated  there  will  be  two  molecules  of  KCN  set 

free  at  the  cathode.    Assuming  65  as  the  molecular  weight  of  KCN, 

for  every  108  grams  of  precipitated  silver  130  grams  of  KCN  should 

130 
be  regenerated,  or  j^g^  1.2036  grams  of  KCN  regenerated  for  each 

gram  of  silver  precipitated.  Evidently,  nothwithstanding  the  initial 
resistance  to  the  current  due  to  the  rusting  of  the  anodes,  the  final 
efficiency  of  both  the  silver  precipitation  and  the  cyanide  regenera- 
tion was  better  in  the  second  experiment,  shown  in  figure  18,  than 
in  the  first,  shown  in  figure  17.  In  the  first  experiment  the  highest 
silver  efficiency  was  93.62  per  cent,  whereas  in  the  second  it  was 
96.35.  In  the  first  the  highest  cyanide  regeneration  was  58.19  per 
cent,  but  in  the  second  it  rose  to  76.67  per  cent.  Evidently  the  ad- 
dition of  sodium  chloride  is  not  justifiable.  The  irregularity  of  the 
curves  in  the  second  experiment  was  also  due  to  this  cause. 

THEOBY  07  ELECTBGLYTIC  CYANIDE  BEaENEBATION. 

The  theory  of  electrolytic  regeneration  of  cyanide  is  of  great  prac- 
tical importance  and  is  difficult  to  explain  in  a  few  words.  Accord- 
ing to  the  modem  view  the  ions  that  carry  the  current  in  the  solu- 
tion exist  already  dissociated,  or,  at  most,  loosely  associated.  The 
electric  current,  acordingly,  has  only  to  direct  their  motion.  The 
anode,  being  the  positive  pole  of  the  cell,  attracts  the  anions,  each  of 
which  carries  a  negative  charge  to  the  anode  where  it  gives  up  its 
negative  charge.  Simultaneously  the  cathode,  being  the  negative 
pole  of  the  cell,  attracts  the  cations,  each  of  which  carries  a  positive 
charge  and  delivers  it  to  the  cathode.  By  this  means  each  of  the  ions 
travels  through  the  solution  a  variable,  relative  distance  dependent 
on  the  "transfer  velocities."  The  velocities  have  been  accuratdy 
measured  by  Hittorf  and  others  for  many  electrolytes.  They  are 
not  necessarily  equal;  often  they  are  relatively  quite  different;  but 
for  simplicity  let  us  assume  that  all  are  equal.  The  potassium 
cation  and  the  chlorine  anion  in  normal  solutions  of  KCl  have 
nearly  equal  values. 
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Let  OS  first  assume  a  solution  containing  ibns  arranged  as  shown 
in  the  f oUowins  diaeram : 
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In  this  arrangement  the  +  sign  represents,  for  example^  the  potas- 
sinm  ion  with  its  positive  charge,  the  —  sign  represents  the  chlorine 
ion  with  its  negative  charge.  If  into  such  a  solution  are  inserted 
two  platinum  electrodes  with  +  and  —  charges  the  equilibrium  is 
disturbed  and  the  anions  with  their  negative  charges  move  one  place 
to  the  right  toward  the  anode  with  its  negative  charge,  and  each 
cation  moves  one  place  to  the  left  with  its  positive  charge,  toward 
the  cathode  with  its  negative  charge.  The  arrangement  then  be- 
conk&s  as  follows : 
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When  the  chlorine  anion,  with  its  negative  charge,  reaches  the 
anode,  it  gives  up  this  electrical  charge  and  becomes  gaseous  chlorine 
which  escapes.  When  the  potassium  cation  with  its  positive  charge 
reaches  the  cathode  it  gives  up  its  positive  charge  and  becomes 
metallic  potassium,  which  by  a  secondary  reaction  decomposes  the 
adjacent  water  and  produces  KHO  which  remains  in  solution  and 
hydrogen  gas  which  escapes  as  such.  It  will  be  noticed  that  the  in- 
tervening solution  remains  unchanged  in  chemical  composition  and 
that  the  only  chemical  changes  occur  at  the  electrodes.  The  theory 
thus  agrees  with  the  facts  first  observed  by  Faraday. 

As  regards  potassium  silver  cyanide,  the  potassium  cation  with  its 
positive  charge  travels  a  little  faster  than  the  AgCy,  anion  with  its 
negative  charge.  The  difference  of  velocity  is  not  great  and  the 
preceding  diagram  will  suffice  to  explain  the  case.  We  have  only  to 
suppose  the  cation  with  the  -f-  sigi^  to  be  potassium  as  before  and  the 
anion  with  the  —  sign  to  be  not  chlorine  but  AgCy2«  *  There  will  then 
be  an  increase  of  one  molecule  of  AgCy2  at  the  anode  and  an  increase 
of  one  atom  of  potassium  at  the  cathode.  Suppose  that  there  also  are 
evenly  diffused  through  the  solution  other  molecules  of  KCy,  KHO, 
KAgCyj,  not  yet  brought  under  the  influence  of  the  current.  Then 
when  a  K  cation  reaches  the  cathode  and  gives  up  its  positive  charge 
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it  finds  KAgCja  there,  which  is  more  easily  decomposed  than  water. 
A  secondary  action,  shown  in  the  equation  following,  is  then  sup- 
posed to  ensue. 

KAgCy. + K=2KCy + Ag. 

This  reaction  was  first  suggested  by  Hittorf  to  explain  the  smooth, 
silver  deposit  obtained  from  cyanides,  in  contrast  with  the  loose 
crystalline  deposit  from  other  salts  of  silver,  such  as  the  nitrate, 
where  the  silver  is  directly  deposited  by  the  current 

It  will  be  noted  that  after  electrolysis  two  atoms  of  silver  are 
removed  from  the  solution  at  the  cathode,  one  by  electrolytic  wan- 
dering to  the  anode,  the  other  by  the  precipitating  action  of  the 
cation.  (As  regards  the  nitrate  there  would  be  removed  only  the 
one  atom  directly  precipitated  in  crystalline  form  by  the  electric 
current.) 

Let  us  next  suppose  this  process  to  be  repeated  at  the  cathode, 
and  further,  that  throughout  the  solution,  not  yet  affected  by  elec- 
trolysis, there  is  uniformly  diffused  2  KOy  in  the  free  state,  2  KHO, 
and  2  KAgCyj.  At  the  cathode  there  is,  then,  before  electro- 
lysis: 2KCy+2KHO+2KAgCy2,  and  after  electrolysis  (as  2  K  ions 
appear) :  2KCy+2KHO+2KA^y2+2K-6KCy+2Ag+2KHO.  It 
is  seen  that  there  is  a  gain  at  the  cathode  of  4  KCy,free,  for  each 
2  Ag  precipitated. 

Let  us  make  a  similar  supposition  concerning  the  solution  at  the 
anode.  Before  electrolysis  the  composition  was,  2KCy-f 2KHO+ 
2KAgCy2,  and  after  two  units  of  electricity  have  passed,  it  is 
2KCy-f 2KHO+2KAgCy2+2AgCyj,  an  increase  of  two  molecules 
of  AgQy^  at  the  anode.  Now  as  shown  by  Morgan,  2AgCy2  easily 
splits  up  into  2AgCy+2Cy.* 

The  2AgCy  easily  combines  with  2KCy  to  form  2KAgCy2,  and 
the  2Cy  reacts  with  2KHO  to  form  Ufi,  KCyO,  and  KCy,  one  half 
being  destroyed  by  becoming  cyanate,  the  other  half  being  regener- 
ated as  KCy.  Combining  these  reactions  at  the  anode  into  one 
we  have,  after  electrolysis,  the  following ^  chemical  substances: 
4KAgCy2+KCyO+KCy+H20.  Hence  at  the  anode  there  is  a  gain 
of  two  molecules  of  KAgCya,  one  of  KCyO,  one  of  water,  a  loss  of 
two  molecules  of  KHO  and  two  of  KCy,  and  a  gain  of  one  molecule 
of  KCy ;  therefore  there  is  a  net  loss  at  the  anode  of  KCy.  But  there 
was  a  gain  at  the  cathode  of  4  KCy,  hence  the  net  result  is  a  total 
gain  of  3  KCy  for  each  2  Ag  precipitated,  and  the  weights  of  silver 
precipitated  and  cyanide  recovered  will  be: 

Oyanlde  recovered     3X85  ^195_ 

Sliver  preclpltated'*2X108    216    ^"^  ^^  ^^^ 

*  Christy,  S.  B.,  Blectromotlve  forco  of  metals  fn  cyanide  solutions :  Trans.  Am.  Ids! 
Min.  Bng.,  vol.  80,  1900,  p.  882. 
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If  no  Cyanide  were  oxidized,  for  every  part  of  edlver  precipitated 

there  would  be:  -tko- X 100 — ^qq X  100=120.37  per  cent  cyanide  re- 

ooTered.  As  will  be  seen  later,  by  greatly  increasing  the  cathode 
area  as  compared  with  the  anode  area,  I  have  actually  recovered  free 
cyanide  to  the  extent  of  118  per  cent  of  the  weight  of  the  silver 
precipitated. 

The  reactions  with  potassium  auro-cyanide  are  exactly  the  same 
as  with  those  of  silver,  AuCyj  being  substituted  for  AgCyj.  (It  is 
possible  that  auric-cyanides  are  formed  at  the  anode  to  be  afterwards 
reduced  to  aurous  at  the  cathode. )  As  the  atomic  weight  of  gold  is 
greater  than  that  of  silver,  however,  the  relative  weights  of  cyanide 

recovered  from  a  given  weight  of  gold  will  be  .q^ — 0.55  times  the 

•mount  recovered  by  an  equal  weight  of  silver.  Further,  as  gold 
solutions  usually  contain  very  little  gold  cyanide  compared  with 
those  obtained  in  treating  rich  silver  ores,  the  amount  regenerated  is 
seld(xn  noticeable. 

Theoretically,  cuprous  cyanide  should  permit  a  large  regeneraticm 
of  (^anide,  owing  to  its  low  atomic  weight.  I  have  been  unable  to 
obtain  certain  proof  of  this  regeneration  in  the  few  experiments  I 
have  tried.  Mr.  Hamilton,  in  experiments  with  the  Butters  process, 
claims  to  have  obtained  such  evidence.  I  shall  discuss  this  later. 
The  facility  with  which  both  gold  and  copper  form  complex  cyanides 
of  higher  valency  at  the  anodes  by  taking  on  one  or  more  Cy  radicals 
possibly  explains  the  greater  difficulty  of  regenerating  cyanide  from 
them  than  from  silver  cyanides.  With  regard  to  possible  regenera- 
tion of  cyanide  from  potassium  cyanate  and  sulpho-cyanate,  as 
claimed  by  Clancy,  I  will  say  that  many  years  ago  I  made  some  pre- 
liminary experiments  on  this  subject  and  got  some  small  traces  of  re- 
generation, but  not  enough  to  cause  me  to  follow  the  matter  further. 
The  regeneration  of  cyanide  up  to  118  per  cent  of  the  weight  of  silver 
precipitated  as  previously  described  would  seem  to  indicate  that 
some  of  the  cyanate  must  have  been  regenerated. 

Evidently,  there  is  the  certain  possibility  of  regenerating  a  large 
part  of  the  cyanide  combined  with  silver,  particularly  in  the  rich 
solutions.  This  gives  to  electrolytic  methods  a  great  advantage  over 
the  usual  methods  of  zinc  precipitation.  But  to  take  full  advantage 
of  such  regeneration  the  silver  precipitation  must  not  be  pushed  too 
far,  for  when  the  silver  is  nearly  gone,  electric  current  is  wasted  in 
decomposing  the  water,  and  the  nascent  oxygen  set  free  at  the  anode 
destroys  more  cyanide  than  is  regenerated  at  the  cathode,  particularly 
when  the  surface  of  the  anode  equals  or  exceeds  that  of  the  cathode. 
Of  course  actual  mill  solutions  contain  many  other  substances  than 
those  I  have  supposed,  and  the  reactions  are  much  more  complicated 
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than  those  I  have  outlined.  The  final  result  depends  not  only  on 
the  composition  of  the  solution,  but  also  on  the  voltage,  the  relative 
current  density  at  anode  and  cathode,  and  even  on  the  physical  as 
well  as  the  chemical  nature  of  the  cathodes  themselves.  The  tendency 
of  cyanogen  molecules  to  combine  with  one  another,  forming  para- 
cyanogen,  and  to  oxidize  to  azulmic  acid  is  another  complication,  as 
is  the  tendency,  which  should  be  mentioned,  of  cyanide  to  deteriorate 
into  KjCO,  and  ammonia  compounds.  The  presence  of  sufficient  free 
alkali  is  of  controlling  importance  in  the  regeneration  of  the  cyanide. 

CAN    CYAKIDE    BE    BEQENEBATED    BY    THE    ELECTBOLYSIS    OF 

VEBBOCYANIDESP 

Prof.  Kern,®  of  Columbia,  in  a  report  published  in  1913,  answers 
this  question  with  an  emphatic  "  No !  "    He  says : 

(12)  The  regeneration  of  cyanide  solutions  which  contain  sulphocyanide  and 
ferrocyanide  does  not  occur  by  electrolysis  by  direct  current,  whether  the  con- 
ditions of  electrolysis  be  made  oxidizing  or  reducing  by  varying  the  relative 
current  densities  at  the  anode  and  the  cathoda 

On  March  14,  1901,  I  made  a  preliminary  investigation  to  see 
whether  there  was  anything  in  this  idea.  Twelve  liters  of  a  1  per 
cent  solution  of  K^FeCy^,  with  0.2  per  cent  KHO,  was  made  up.  It 
was  circulated  through  the  deposition  box.  Six  hard  carbon  comb 
anodes  were  used  and  14  of  the  5-cluster  clean  iron- wire  cathodes. 

The  original  solution  was  carefully  titrated  for  KCy  and  appeared 
to  contain  a  trace  (0.001  per  cent)  of  KCy,  which  possibly  was  pro- 
duced by  the  action  of  the  potash.  The  solution  was  clear  and  of  a 
pale  yellow  color.  It  was  electrolyzed  for  four  hours  at  1.5  volts, 
and  1.4  to  2.1  amperes.  The  solution  changed  in  color,  taking  on  a 
slightly  greenish  tinge,  and  traces  of  a  deposit  like  Fefi^  formed 
on  the  carbon  anodes.  Seemingly  there  was  a  very  slight  increase  in 
the  reaction  for  cyanide,  but  this  was  doubtf uL 

The  carbon  anodes  were  then  removed  and  platinum  was  substi- 
tuted for  them.  The  Toltage  was  increased  to  2.5,  and  the  current  of 
3.3  to  4.2  amperes  was  continued  for  one  hour.  No  definite  change 
was  observed  in  the  cyanide.  A  little  ferric  hydrate  and  Prussian 
blue  formed  on  the  anodes. 

The  voltage  was  then  raised  to  4,  and  the  current  increased  to  8 
amperes  and  was  continued  for  one  hour.  The  solution  was  now 
full  of  fine  bubbles  and  had  turned  orange  color,  due  probably  to 
suspended  ferric  hydrate.  A  distinct  reaction  for  cyanide  was  ob- 
tained, the  titration  showing  0.005  per  cent  KCy.  The  anodes  were 
coated  with  ferric  hydrate  and  Prussian  blue.    In  20  minutes  more 

r  — T 1 ,      ^  ■!_  iij.  MUM      ■  -■        i-M^  w^ ^i.i.     ^ ^m — —^^^ 

•  Kern,  E.  F.,  Electrolysis  of  cyanide  solutions :  Trans.  Am.  Electrochem.  Soc.,  toL  24, 
1913,  p.  265. 
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the  KCy  oontent  rose  to  0.007  per  cent,  and  one  hour  later  to  0.019 
per  cent.  The  entire  solution  was  full  of  minute  bubbles  of  gas,  the 
composition  of  which  was  not  determined.  Also,  loose  flocculent 
ferric  hydrate  was  contained  in  suspension.  Of  the  original  sample, 
which  titrated  0.001  per  cent  KCy  before  electrolysis,  22  c.  c.  was 
inclosed  in  a  tube  with  12  c.  c  of  air  and  with  a  standard  gold  strip 
2  inches  by  one-fourth  inch  in  size,  weighing  0.25  gram.  The  gold 
strip  was  then  rotated  for  one  hour  in  the  solution,  after  which  time 
it  was  found  to  have  lost  in  weight  0.25  mg.  gold.  The  solution 
therefore  must  have  contained  a  trace  of  cyanide  produced  by  the 
dissociation  of  the  ferrocyanide  in  the  presence  of  the  KHO. 

A  similar  experiment  was  made  with  22  c.  c.  of  the  clear  solution 
(titrating  0.019  per  cent  KCy),  taken  at  the  end  of  the  electrolysis, 
and  12  c.  c.  of  air.  Both  tubes  containing  the  gold  were  rotated^  on 
the  same  shaft  for  one  hour  side  by  side.  Upon  weighing  the  gold, 
the  loss  from  this  second  strip  was  4.05  mg.,  or  more  than  16  times 
that  from  the  first  strip. 

The  gold  strips  were  then  reversed,  the  second  being  placed  in  the 
original  solution  and  the  first  in  the  residual  solution.  The  former 
now  lost  0.04  mg.  and  the  latter  0.94  mg.  A  film,  not  visible  to  the 
eye,  seemed  to  have  formed  on  both  gold  strips,  but  the  electrolyzed 
solution  was  still  leading,  being  this  time  28.5  times  as  effective  as 
the  original  solution.  It  would  appear  from  these  experiments  that 
with  platinum  electrodes,  at  least,  cyanide  can  be  regenerated  from 
potassium  ferrocyanide  in  the  presence  of  caustic  potash,  with  a  cur- 
rent of  moderate  density.  This  would  give  a  great  advantage  to 
electrolysis  if  it  could  be  made  generally  applicable.  However,  I 
did  not  follow  the  matter  further. 

Although  Kern  denies  the  possibility  of  any  regeneration  from  the 
ferrocyanide  by  direct  current,  he  says  :* 

When  cyanide  solutions  containing  snlpho  or  ferrocyanide  were  electrolyzed, 
the  cyanide  consumption  was  much  less  than  that  which  occurred  In  pure 
cyanide  solutions,  which  indicates  that  sulphocyanide  and  ferrocyanide  act  as 
protective  agents  during  the  electrolysis  of  cyanide  solutions. 

It  would  seem  that  another  explanation  than  that  of  "  protective 
agents  "  is  possible — ^namely,  that  there  was  actually  a  slight  regen- 
eration that  partly  offset  the  usual  oxidation  losses.  The  amount  of 
cyanide  that  was  regenerated  in  my  test  was  slight.  It  was  necessary 
to  use  100  c.  c  samples  to  be  sure  of  the  cyanide  titration.  How- 
ever, there  seems  no  doubt  that  under  certain  conditions  a  small 
amount  of  cyanide  can  be  regenerated  from  the  ferrocyanide  by  the 
direct  current,  and  this  factor  is  another  possible  advantage  in  elec- 
trolysis over  zinc  precipitation. 

•Kern,  E.  F.,  work  cited,  p.  204. 
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SHEET-IBOir  ELECTBODES  COMFABED  WITH  IBOH  WIBE-CLOTH 

EIEOTBODES. 

To  determine  whether  the  iron  wire-cloth  electrodes  were  actually 
superior  to  those  of  sheet  iron,  12  sheet-iron  anodes  were  made. 
These  sheets,  3}  inches  high  by  3  inches  wide,  were  held  by  two 
hard  rubber  strips,  one  on  each  side,  so  extended  as  to  keep  the  lower 
edge  i  inch  above  the  bottom  of  the  box.  The  12  sheet-iron  cathodes 
were  4  inches  high  by  3  inches  wide,  in  the  cle^r,  and  were  held  in 
ebonite  insulating  strips.  Four  J-inch  perforations  were  made  near 
the  top  of  each  strip  to  allow  the  solution  to  circulate.  The  cathodes 
were  coated  with  a  thin  film  of  graphite  and  vaseline.  The  electrodes 
were  i  inch  apart.  The  effective  cathode  area  was  1.25  square  feet 
or  about  0.12  square  meter.  Circulation  was  produced  by  the  cen- 
trifugal pump,  and  the  flow  was  up  and  down  through  the  J-inch  by 
3-irich  spaces,  at  the  rate  of  only  0.56  liter  per  minute  in  the  begin- 
ning.   The  results  were  as  follows : 

Results  of  tests  with  sheet-iron  electrodes. 


Time, 

hmirs 

Volts. 

Amperes. 

KCyln 

solution. 

Silver 
per  100 

percent. 

c.  0.,  xng. 

0 

0 

0 

0.215 

10.76 

1 

1.5 

0.00-0.22 

.214 

13.99 

2 

1.5 

.27 

.214 

12.06 

3 

1.5 

.265 

.213 

10.43 

4 

1.5 

.23 

.212 

9.13 

5 

1.6 

.24 

.210 

&65 

6 

1.6 

.21 

.200 

8.25 

7 

1.5 

.20 

.200 

6.86 

The  results  (see  fig.  20)  at  the  end  of  the  first  hour  were  so  poor 
that  during  the  second  hour  the  cathodes  were  removed,  cleaned  with 
gasoline  of  the  graphite- vaseline  mixture  and  of  silver,  and  then  re- 
placed. At  the  end  of  the  fourth  hour  the  electrodes  were  placed 
parallel  with  the  longer  dimension  of  the  box  to  increase  the  velocity 
of  flow  to  6  liters  per  minute.  The  experiment  was  repeated  with 
many  variations  without  graphite  and  vaseline,  in  which  a  voltage  of 
2  volts  and  a  current  of  1  ampere  were  employed,  and  also  2.5  volts 
and  3  amperes.  With  the  stronger  current  the  precipitation  was 
very  little  better.  At  0.95  ampere  smaU  bubbles  of  gas  filled  the  so- 
lution and  this  gas  increased  with  higher  current  densities.  The  ad- 
vantage of  the  greater  surface  presented  by  the  wire-cloth  cathodes 
compared  with  that  of  the  sheet-iron  cathodes  was  evident. 

COMPABISON  OF  SILVEB  CLEAN-X7P  7B0H  SHSET-IBOK  ANODE 
WITH  CLEAN-TJP  FEOH  WIBE-GAXTZE  ANODES. 

The  clean-up  box  that  was  used  held  500  c.  c.  of  solution;  the  solu- 
tion contained  0.1  per  cent  KCy.    The  voltage  was  not  recorded; 
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from  memoiy  I  judge  that  it  was  derived  from  one  Daniell  cell  and 
was  higher  at  the  end  than  in  the  beginning.  The  anode  was  of 
sheet  iron  8.3  by  8.7  cm.  in  size,  giving  an  area  of  144.2  square 
centimeters  for  the  two  sides.  The  current  was  0.1  ampere  at  first, 
finally  becoming  0.005  ampere.     The  sheets  of  silver  that  finally 


so 


8  4 

HOURS 

FiQUKi  20. — Electrodepofiltlon  results  with  gheet-iron  electrodes.  Twelve  anodes,  effec- 
tive area  1.25  square  feet,  and  12  cathodes,  effective  area  1.25  square  feet,  siwced 
i  Inch.  Silver  cyanide  solution,  rate  of  flow  0.56  to  6  liters  per  minute.  During  first 
four  hours,  electrodes  vertical,  velocity  of  flow  up  and  down  slots  averaged  0.68  inch 
per  minute.  After  fourth  hour,  electrodes  parallel  with  flow,  velocity  much  increased. 
Figure  16  (p.  66),  compared  wittf  this  figure,  shows  advantage  of  using  wire-cloth 
cathodes  and  larger  area  of  cathode  than  of  anode. 

were  i>eeled  off  were  about  0.23  mm.  thick;  one  weighed  19.78 
grains  and  the  other  16.85  grams.  To  the  total  weight  of  the  sheet 
silver  recovered,  36.63  grams,  should  be  added  that  of  the  silver 
slimes  from  solution  (0.39  gram),  making  a  total  of  37.02  grams. 
The  residual  cyanide  solution,  which  was  a  deep  yellow,  contained 
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0.065  per  cent  free  cyanide  and  0.153  gram  iron  per  liter.  Half  of 
this  weight  of  iron  had  dissolved  from  the  anode. 

Another  clean-np  was  made  during  which  the  stripping  solution 
was  made  to  circulate  through  the  clean-up  box.  The  cathode  used 
was  2f  by  3^  inches  in  size,  giving  an  area  for  the  two  sides  of 
19.26  square  inches  or  0.184  square  foot.  With  10  wire-cloth  wire 
cathodes  in  two  bunches  of  five,  connected  as  anodes  on  each  side 
of  the  cathode,  1  Daniell  cell  gave  0.25  ampere.  When  the  solution 
was  strongly  circulating,  the  current  rose  to  0.85 ;  on  the  circulation 
being  stopped,  the  amperage  fell  in  one  minute  to  0.1  and  the  voltage 
rose  to  0.7.  Finally  the  current  fell  to  0.2  ampere,  and  the  cyanide 
content  to  0.25  per  cent;  and  the  solution  contained  29.73  mg.  of  silver 
per  100  c.  c  The  solution  was  now  strengthened  to  0.45  per  cent 
free  KCy  and  the  voltage  was  raised  to  1.25,  when  the  last  two 
bunches  of  five  cathodes  from  the  deposition  box  were  put  in. 

The  current  density  was  at  first  2.61  and  finally  0.373  ampere  per 
square  foot  This  density  was  too  high  except  when  the  rate  of  cir- 
culation of  the  solution  also  was  high.  About  50  mg.  of  fine  silver 
dust  came  off  in  washing,  and  only  10  mg.  were  found  in  the  clean-up 
box.  The  final  solution  contained  0.41  per  cent  KCy  and  8.55  mg.  of 
silver  per  100  c.  c.  The  cathodes  were  apparently  stripped  clean. 
The  amount  of  silver  recovered  from  the  cathodes  was  as  follows: 

Quantity  of  silver  recovered  from  cathodes. 

Grams. 

Prom  Ist  Bet  (4X5)  of  cathodes 7.700 

From  2nd  set  (4X5)  of  cathodes 5.977 

From  8rd  set  (2X10)  of  cathodes 2.258 

Total  recovery 15. 935 

The  solution  treated  in  the  deposition  box  contained  15.040  grams 
of  silver,  giving  an  excess  recovered  of  0,895  gram,  which  came  from 
the  original  cathodes  that  were  not  entirely  cleaned  in  the  previous 
test.  The  silver  recovered  was  entirely  free  from  gold,  copper,  or 
iron,  and  was  decidedly  fine.  The  silver  dissolved  in  nitric  acid, 
leaving  no  residue,  and  the  nitric  acid  solution  gave  no  color  test  with 
ammonia. 

THE  XrSE  OF  THE  CLEAir-TTF  BOX  WITH  BAPID  CIBCXTLATION. 

The  capacity  of  the  deposition  box  had  now  been  so  increased  that 
it  far  exceeded  that  of  the  clean-up  box,  and  I  next  tried  to  increase 
the  capacity  of  the  latter  in  the  way  that  I  had  that  of  the  deposition 
box.  This  was  not  easy,  as  it  was  desirable  to  use  sheet  cathodes 
from  which  the  metal  could  be  stripped. 

The  sheet-iron  cathodes  of  the  clean-up  box  were  of  two  types, 
which  will  be  designated  as  A  and  B.    The  surface  of  the  type-A 
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cathodes  exposed  to  the  solution  was  7.5  by  8.5  cm.  These  cathodes 
touched  the  bottom  of  the  box,  and  were  perforated  near  the  top  with 
fonr  6-mm.  holes  to  allow  the  solution  to  pass  through.  The  total 
submerged  area  of  the  six  type-A  cathodes  was  765  square  centi- 
meters. The  six  type-B  cathodes  used  were  each  7.5  by  8  cm.  in 
size.  They  were  so  placed  that  they  did  not  quite  touch  the  bottom 
of  the  box,  in  order  to  force  the  solution  to  pass  under.  The  area  of 
these  six  cathodes  on  both  sides  was  720  square  centimeters.  The 
total  cathode  area  was  thus  1,485  square  centimeters,  or  a  little  less 
than  one-sixth  square  meter,  or  about  1.5  square  feet. 

The  vertical  edges  of  the  cathodes  A  and  B  were  insulated  by  ebon- 
ite strips  1  cm.  wide  and  6  mm.  thick,  which  were  placed  on  each  side 
of  the  plates  to  stiffen  them  and  to  prevent  their  touching  the  elec- 
trodes to  be  stripped.  The  plates  were  then  rubbed  with  a  mixture 
of  graphite  and  vaseline,  just  enough  vaseline  being  used  to  make  the 
graphite  adhere.  This  coating  was  rubb^  to  a  dry  finish  and 
the  cathodes  A  and  B  were  placed  in  alternate  positions  to  force  a 
proper  circulation  of  the  solution.  Between  the  12  cathodes  were 
placed  the  wire-cloth  anodes  to  be  stripped,  which  had  been  the 
cathodes  of  the  deposition  box.  Thirteen  to  26  of  these  could  be 
stripped  at  a  time.  In  the  first  experiment  14  were  used.  The 
solution  was  circulated  rapidly  through  the  box  by  a  small  cen- 
trifugal pump. 

The  14  wire  cathodes  in  bunches  of  five,  to  be  stripped,  had  been 
used  before  and  had  an  unknown  quantity  of  silver  deposited  on 
them.  In  the  present  test  four  different  lots  of  dilute  cyanide  solu- 
tions, containing  silver,  were  deposited  on  them  in  the  usual  way. 
The  depositions  were  continued  at  convenient  hitervals  for  several 
days,  the  cathodes  being  taken  out  and  dried  between  times.  The 
conditions  of  deposition  were  unfavorable  to  good  precipitation,  on 
account  of  the  local  action  between  the  iron  and  the  silver  during 
the  drying,  which  would  not  occur  in  continuous  practice.  In  all 
55.328  grams  of  silver  was  calculated  to  have  been  deposited  on  the 
cathodes  in  these  four  runs,  the  exact  amount,  however,  being  greater 
on  account  of  the  unknown  amount  on  them  in  the  beginning. 

Stripping  followed  with  one  small  ^^Nungesser"  cell  (zinc  and 
copper  oxide  in  NaHO)  which  gave  a  voltage  of  0.75  in  open  cir- 
cuit, but  much  less  <m  a  closed  <nrcuit.  At  first,  with  12  cathodes 
uid  14  anodes  to  be  stripped,  the  cell  gave  0.4^  volt  and  1.4  amperes 
on  a  closed  circuit.  This  soon  fell  to  0.8  volt,  but  the  current  re- 
mained at  slightly  more  than  1  ampere  till  the  electrodes  were  nearly 
stripped  (five  hours) ,  when  the  voltage  rose  to  0.58  and  the  amperage 
feD  to  0.38.  In  seven  and  one-half  hours  the  wire  electrodes  were 
apparently  completely  stripped,  the  voltage  of  the  cell  having  risen 
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to  0.68  volt  and  the  current  having  fallen  to  0.2  ampere,  the  current 
density  being  8.0  amperes  per  square  meter  at  the  start  and  about  1.11 
at  the  end  of  the  stripping.  The  silver  formed  a  brilliant  white 
deposit  and  adhered  firmly.  The  only  trouble  was  a  tendency  for 
the  silver  to  creep  on  the  edges  of  the  ebonite  strips  where  a  little 
graphite  had  accidently  adhered. 

The  stripped  anodes  were  then  removed,  washed,  and  dried,  and 
the  process  of  electroconcentraticm  was  again  undertaken.  The  six 
type-A  electrodes  were  now  made  anodes,  and  the  B  electrodes  were 
made  the  cathodes.  The  voltage  was  varied  from  0.2  volt  at  the  start 
to  0.68  at  the  end.  The  current  at  the  start  was  0.96  ampere  and  at 
the  end  0.062.  The  cell  was  run  22  hours,  when  the  silver  was  found 
to  be  entirely  removed  and  concentrated  on  the  six  B  cathodes.  It 
was  found  to  be  in  beautiful  coherent  sheets  that  could  be  readily 
peeled  off.  The  formation  of  these  strips  is  a  complete  refutation 
of  the  statements  of  Prof.  Neumann  that  this  is  impossible.  The 
total  weight  of  silver  concentrated  on  the  six  B  cathodes  weighed 
91.8  grams.  The  cyanide  solution  at  first  contained  about  1  per 
cent  KCy.  To  this  more  was  added  from  time  to  time,  and  at  the 
end  of  the  test  the  content  of  free  KCyl  was  0.41  per  cent^  The 
silver  content  at  the  end  was  4.42  grams  of  silver  in  1.25  liters  of 
solution,  or  about  0.364  per  cent.  Of  course  it  would  have  been 
easily  possible  to  reduce  this  amount  of  residual  silver  to  almost  any 
smaller  amount  by  electrolysis.  In  one  test  the  silver  content  of 
the  solution  in  the  stripping  box  was  reduced  to  0.98  mg.  per  100 
c.  c,  the  KCy  content  being  0.59  per  cent.  If  the  solution  were  to  be 
discarded  the  silver  value  could  be  reduced  to  a  few  cents  per  ton  by 
circulating  the  solution  a  few  times  through  the  deposition  box. 

These  excellent  results  were  repeatedly  duplicated,  and  the  good 
coating  with  this  dense  current  would  have  been  impossible  without 
the  rapid  circulation  of  the  stripping  solution. 

DEFOSITIOIT  OF  GOLD  ON  IBON  WIBX-CLOTH  CATHODES. 

The  electrodeposition  of  gold  from  cyanide  solution  is  both  theo- 
retically and  practically  more  difficult  than  that  of  silver.  Theoreti- 
cally the  difference  is  to  be  judged  by  the  electromotive  force  de- 
terminations of  these  metals  in  cyanide  solutions.^*  Thus  in  6.5  per 
cent  KCy  solution  gold  is  electropositive  to  silver  by  0.100  volt ;  in 
0.65  per  cent  KCy  solution,  by  0.07  volt ;  in  0.065  per  cent  KCy  solu- 
tion, by  0.085  volt;  and  in  0.0065  per  cent  KCy,  by  0.080  volt.  This 
latter  strength  of  solution  is  near  the  critical  point  at  which  both 
gold  and  silver  become  electronegative  to  cyanide  solutions.    Beyond 

•  See  Cbrlsty.  S.  B.,  electromotive  force  of  metals  In  cyanide  solutions :  Trans.  Am.  Inst 
Mln.  Eng..  vol.  30,  1900.  pp.  931-2. 


DEPOSITION  OF  GOLD  ON  WIBE-CLOTH  CATHODES. 


83 


that  point,  while  both  metals  remain  electronegative,  the  silver  be« 
comes  less  so  (less  ^^  noble  ")  than  does  gold. 

Practically  the  extent  of  the  difference  by  which  gold  is  less  easily 
precipitated  from  cyanide  solutions  than  is  silver  increases  more  than 
the  figures  would  indicate.  This  is  shown  by  a  study  of  the  follow- 
ing experiment. 

DEPOSITION  07  GOLD  7B0M  OOLD  CYANIDE  SOLXTTION. 

At  the  beginning  of  the  test  there  was  22  liters  of  gold  cyanide 
solution,  containing  0.198  per  cent  KCy,  0.1  per  cent  KHO,  and  8.696 
grams  Au  as  KAuCyj.  Fourteen  bunches  of  five  iron-wire  cathodes 
were  used.  The  flow  was  at  the  rate  of  8  liters  per  minute,  or  480 
liters  per  hour.  The  mean  area  was  4  square  feet.  The  results  are 
shown  below. 


BesulU  of  electrodeposition  experiment  with  gold  cyanide  solution. 


Amperes. 


Horns. 

Volts. 

0 

0 

1 

1.5 

2 

1.5 

8a 

1.5 

4 

1.5 

5 

1.5 

0 

1.5 

0 
2.00 to  0.6 
0.61  to  0.52 

0.52  to  ao 

l.Q2to  0.48 
0.41 
0.41 


KCy, 
percent. 

Gold, 
mf.per 
lOOo.  c. 

0.198 

16.80 

.190 

14.50 

.191  (T) 

5.02 

.188 

1.^ 

.182 

.09 

.174 

.02 

.165 

Trace. 

•  Note  Intairniptlon  of  coirent  for  half  an  hoar.  Hera  the  electric  current  failed,  cathodes  were  removed 
iBd  drained.  After  delay  of  one-half  hour  the  current  came  on  and  the  cathodes  were  replaced.  The 
conent  was  high  at  first,  then  dropped  rapidly. 


The  ampere-hour  efficiency,  assmning  gold  as  univalent,  7.35  grams 
per  ampere-hours,  was  as  follows: 

Data  showing  ampere-hour  efficiency. 


Hour. 

Gold,  mg.  per  liter. 

Liters 
treated. 

Gold  pre- 
cipitated, 
grams. 

Average 
ampere- 

lUMUS. 

Theoretical 

gold, 

grams. 

Ampere- 
hour 
efficiency. 

In  sample. 

DlfliBrance. 

0 

168.0 

145.9 

50.2 

14.0 

.9 

.2 

Trace. 

Percent. 

22.1 
86.7 
45.2 
13.1 
.7 
.2 

21.79 
21.68 
21.57 
21.46 
21.35 
21.24 

0.4816 
1.8800 
.9750 
.2811 
.0149 
.0042 

1.12 
.57 
.46 
.M 
.41 
.41 

8  2320 
4.1897 
8.3812 
4.1162 
3.0137 
3.0137 

5.79 

44.87 

28.71 

6.83 

.49 

.0130 

3.6368 

25.9465 

14.01 

In  the  above  experiment,  the  initial  volume,  22  liters,  was  reduced 
by  0.210  liter  for  the  first  sample  and  by  0.110  liter  for  each  succeed- 
ing sample,  taken  at  the  end  of  each  hour.  Hence  a  deduction  from 
the  volume  for  the  solution  treated  each  hour  is  necessary.    A  num- 
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FxouRS  21. — BlectrodepodtiOD  resQlta  with  gold  cyanide  solution.  Twenty-two  Uten  of 
Bolntlon,  containing  0.198  per  cent  ECy,  0.1  per  cent  KHO,  and  8.686  grama  of  An  as 
KAuCyi,  taken  for  test  Seyenty  le-mesh  wire-cloth  cathodes;  estimated  area,  both 
sides,  2  to  10  square  feet.  Rate  of  flow,  8  liters  per  minute;  velocity  through  open 
box,  46  inches  per  minute;  through  cathodes,  106  inches.  Note  alight  cyanide  re- 
generation during  second  hour. 
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Der  of  important  conclusions  may  be  drawn  from  this  experiment 
(see  fig.  21). 

First,  note  the  low  efficiency  during  the  first  hour.    The  cause  of 
this  low  efficiency  is  that  between  the  experiments,  which  were  dis- 


HOURS 


FiavBi  22. — Gold  deposition  results  showing  effect  of  local  action  on  Iron-wire  cathodes. 
Bight  carbon  comb  anodes;  70  16-niesh  cathodes;  estimated  surface,  between  2  and 
10  square  feet  Twenty-two  liters  of  solution,  containing  0.208  per  cent  KCy.  and 
1€.83  mg.  Au  per  100  c.  c.  Rate  of  flow,  8  liters  per  minute ;  velocity,  46  Inches  per 
minute  through  open  box  and  106  through  cathodes. 

continuous,  the  iron- wire  cathodes  had  rusted,  and  a  large  part  of  the 
current  in  the  first  hour  was  consumed  in  reducing  the  oxide.    The 
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serious  nature  of  this  trouble  is  shown  more  clearly  in  later  experi- 
ments. 

Second,  the  high  ampere-hour  efficiency  in  the  second  hour  (44.87 
per  cent)  would  have  been  still  higher  if  the  cathodes  had  been  en- 
tirely clean  the  first  hour.  The  ampere-hour  efficiency  for  the  en- 
tire six  hours,  14.01  per  cent,  was  remarkably  high. 

The  extraction  was  good.  In  five  hours  the  gold  value  of  the  solu- 
tion was  reduced  to  12  cents  per  ton  and  in  six  hours  to  less  than 
6  cents.  The  precipitation  is,  however,  much  less  rapid  than  with 
silver.  The  rate  would  have  been  increased  by  a  higher  voltage  but 
at  the  cost  of  the  ampere-hour  efficiency. 

A  slight  regeneration  of  cyanide  during  the  second  hour,  when 
the  gold  precipitation  was  greatest,  was  noted. 

THE  EFFECT  07  LOCAL  ACTION  ON  IBON-WIBE  CATHODES. 

• 

Attention  has  already  been  called  to  the  local  action  that  takes 
place  in  intermittent  silver  precipitation.  With  gold  it  is  more 
marked.  The  serious  nature  of  this  difficulty  is  illustrated  by  the 
following  experiment:  The  gold-coated  cathodes  were  drained  and 
allowed  to  dry  over  night,  ^hey  were  not  dried  by  heat,  as  the  un- 
equal expansion  of  gold  and  iron  might  cause  the  coat  to  scale. 
However,  local  action  resulted  which  oxidized  the  iron  with  disas- 
trous  results.  For  the  first  hour,  gold  dissolved  in  spite  of  the  cur- 
rent, showing  that  the  coating  of  gold  had  been  undercut  by  the 
rust,  thus  insulating  it  from  the  iron  cathode,  and  allowing  it  to 
dissolve.  The  second  hour  still  shows  the  bad  effect  of  the  rust, 
although  the  deposition  was  fair.  The  details  and  results  of  the 
experiment  (see  fig.  22)  which  illustrates  this  are  as  follows: 

There  were  employed  eight  new  carbon  anode&  The  cathodes 
were  the  14  bunches  of  fine  16-mesh  wire-gauze  screens,  which  had 
been  partly  coated  with  gold  from  the  previous  run.  The  total  vol- 
ume of  the  solution  at  the  start  was  22  liters;  it  contained  0.208  per 
cent  KCy,  168.3  milligrams  gold  per  liter,  and  0.1  per  cent  KHO. 
The  flow  was  8  liters  per  minute,  or  480  liters  per  hour.  The  total 
cathode  area  was  betwe^i  1.57  and  7.85  square  feet.  The  area  of  the 
composite  wire  cathodes  is  hard  to  calculate.  The  minimum  area 
would  be  that  of  the  section  of  the  cloth,  0.112  square  feet  (counting 
both  faces)  for  each  of  the  14  groups,  or  1.57  square  feet.  The 
maximum  would  be  5  times  1.57,  or  7.85  square  feet  In  time  the 
entire  cloth  becomes  covered  with  metal,  but  not  all  at  once.  The 
true  mean  would  probably  be  about  4  square  feet,  a  little  below  the 
average  of  4,71  square  feet.  The  ampere-hour  efficiency  in  this  ex- 
periment is  shown  in  the  following  table: 
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Data  sJuncing  ainpere-hour  effloiency  in  experiment. 


Oold.ing. 
per  liter. 

Difteraioe. 

Nmnlwr 
ofUten 
treated. 

Ooldpre- 
ofpitatiGn, 

ATBnge 
ampere- 
boon. 

Tlieoretleal 
gold,  grams. 

hour 

elBdeDCT, 

peroent. 

0 

1 

2 

168.8 

,     266.7 

190.7 

108.6 

87.8 

2.1 

.2 

T^ioe. 

-96.4 
+67.0 
+9L1 
+7L8 
+36.2 
+  1.9 
+    .2 

21.79 
8L68 
21.67 
21.46 
21.85 
2L24 
2L18 

-2.1442 
+L4626 
+L0660 
+1.6300 
+  .7516 
+  .0404 
+  .0042 

2.100 
L570 
.626 
.478 
.406 
.350 
.860 

15.434 

1L540 

8.866 

8.518 
2.964 
2.572 
2.572 

Neiatlye. 
12.58 
50.81 
43.56 

25.18 

L57 

.16 

+8.5004 

42.481 

During  the  first  hour  the  ampere-hour  efficiency  was  negative,  as 
nearly  two-thirds  of  the  gold  already  precipitated  was  redissolved ;  but 
in  the  next  hour  the  current  had  begun  to  cure  the  evil,  and  12.58  per 
cent  of  the  current  was  utilized.  During  the  next  hour  the  efficiency 
iad  risen  to  50.81  per  cent,  slowly  falling  to  a  fraction  of  1  per  cent 
Besides  the  dissolved  gold  the  new  gold,  amounting  to  8.6842  grams, 
was  practically  all  precipitated.  However,  considering  the  net  gold 
only,  the  efficiency  is  high.  Dividing  8.5994  by  42.481  (the  weight 
of  gold  that  the  current  should  have  precipitated)  gives  for  the 
whole  period  8.47  per  cent,  which  is  a  good  result  in  spite  of  the  poor 
start. 

To  be  sure  that  the  carbon  anodes  had  not  prevented  the  solution 
(containing  0.185  per  cent  KCy)  from  dissolving  gold,  100  c.  c.  of 
the  tailing  solution  was  rotated  for  half  an  hour  in  a  ^-liter  flask  filled 
with  air  to  aerate  it,  and  then  was  rotated  with  a  gold  strip  in  it  for 
one  hour.  The  quantity  of  gold  thus  dissolved  was  2.47  mg.  A  par- 
allel experiment  with  pure  KCy  (0.185  per  cent)  solution  gave  2.41 
mg.   Hence  the  carbon  anodes  had  not  prevented  solution  of  gold. 

The  same  wire-cloth  cathodes,  14  groups  of  five,  from  the  above 
test  with  gold  still  on  them  were  again  treated  with  practically  the 
same  results.  (See  figure  28).  Eight  of  the  hard-carbon  anodes 
were  used.  The  cathode  area  was  between  1.57  and  7.85  square  feet. 
The  rate  of  flow  was  8  liters  per  minute.  The  ampere-hour  efficiency 
under  the  above  conditions  is  shown  in  the  following  table : 

Data  shouHng  ampere-hour  efficiency  of  experiment. 


Hour. 

Gold,  mg.  per  Utar. 

Nimiber 
OfUten 
treated. 

Gold  pre- 
cipitated, 
grams. 

ATerage 

amper»- 

tafliirs. 

Theoretical 

gold, 

grams. 

Ampere 

hour 

effldency, 

peromt. 

At  start. 

mfleivioeu 

0 

1 
2 

160.8 

270.4 

218.0 

16&5 

04.0 

29l8 

2.0 

.2 

-lOLlC?) 
+  51.5 
+  68.4 
+  71.5 
+  64.7 
+  27.8 
+   .1.8 

2L70 
21.68 
2L57 
21.46 
21.86 
21.24 
21.18 

-XMOOCf) 

+1.1166 
+L1518 
+L5248 
+1.8812 
+  .5798 
+  .0880 

a608 
.410 
.410 
.480 
.484 
.882 
.845 

4.176 
8.017 
8.017 
8.161 
8.160 
2.807 
2.586 

Negative. 
87.01 
88.18 
48.24 
48.80 
20.66 
1.60 
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The  net  amount  of  gold  precipitated  was  3.5891  grams,  whereas  the 
current  should  have  precipitated  21.903  grams.  Therefore,  the  total 
ampere-hour  efficiency  was  16.39  per  cent,  and  in  spite  of  the  po(Mr 
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FiouBi  28. — Blectrodeposition  results  showing  re-solutlon  oC  gold  due  to  mstbig  of 
cathodes.  Eight  "  Electra  "  carbon  comb  anodes.  Seventy  Id-mesh  wlre-ganse  CAthodes, 
in  14  groups  of  5  each;  estimated  total  surface  area,  between  2  and  10  square  feet 
Solution,  22  liters,  contained  0.212  per  cent  KCy,  0.1  per  cent  KHO,  and  1G.98  mg- 
Au  per  100  c.  c  Rate  of  flow,  8  liters  per  minute;  Telocity  through  open  box,  46 
Inches  per  minute;  through  cathodes,  106.  Note  fall  of  cyanide  during  solution  of 
gold  and  slight  rise  during  fall  of  gold. 

start  was  decidedly  satisfactory  for  the  whole  period.    The  current 
was  rather  low  because  the  solution  was  a  new  one  used  for  the  first 
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time,  and  did  not  contain  so  many  dissolved  salts;  the  current  was 
lelatiyely  better  after  a  while  because  the  contacts  were  better.  The 
fall  of  the  cyanide  during  the  solution  of  the  gold  and  the  slight 
rise  during  its  rapid  precipitation  should  be  noted.  The  rise  was  less 
than  the  fall,  owing  to  continuous  oxidation. 


8 
HOUBS 

FieoiB  24. — ^Blectrodeposition  remits  with  rich  gold  aolntton.  Soliition,  21.68  liters, 
CQntalniiig  82.48  mg.  Au  per  100  c.  c.  Six  carbon  comb  anodes;  seventy  (14  groups 
of  5)  16-mesh  wire-cloth  cathodes;  total  estimated  surface  area»  between  2  and 
10  siiaare  Uet  Bate  of  flow,  8  liters  per  minute  or  480  per  hour ;  velocity  through 
open  box,  46  Inches  per  minute ;  through  cathodes,  105. 

The  next  experiment  was  made  with  14  bunches  of  five  cathodes  of 
IB-mesh  wire  cloth.  The  total  area  of  these  was  estimated  to  be 
between  1.57  to  7.85  square  feet.  They  were  gold  coated  from 
previous  use.  Six  carbon  anodes  were  used.  The  solution  contained 
0.2O5  per  cent  KCy  and  0.1  per  cent  KHO.  The  flow  was  8  liters  per 
minute.   The  solution  at  the  start  contained  16.92  mg.  gold  per  liter, 
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but  owing  to  bad  contacts,  the  gold  dissolved,  so  that  the  content  in 
the  solution  increased  to  82.38  mg.  The  ampere-hour  efficiency  under 
these  conditions  (see  also  fig.  24)  is  shown  in  the  following  table: 

Data  shouHnff  ampere-hour  eHHciency  in  experiment. 


Hour. 

Gold,  mg.  per  liter. 

Number 
ofUtors 
treated. 

Odd  pre- 
cipitated, 

l§^ 

Theoretical 

gold, 

grams. 

boar 

efficiency, 

percent. 

At  start. 

Difference. 

0 
1 
2 
3 
4 
5 
6 

823.8 

277.0 

213.5 

158.0 

72.4 

5.5 

0.4 

1 

• 

45.0 
64.4 
54.6 
86.5 
66.0 
5.1 

2L68 
21.57 
.     21.46 
21.35 
21.24 
21.13 

0.0961 
L3890 
1.1717 
1.8467 
L4209 
0.1078 

a45 

.46 

.46 

.496 

.606 

.540 

8.807 
8.382 
3.382 
8.645 
4.447 
3.069 

80.00 
41.07 
84.65 
50.68 
81.05 
2.72 

The  average  efficiency  for  the  whole  period  is  thus  shown  to  be 
31.32  per  cent,  a  result  which  certainly  is  very  satisfactory. 

DEPOSITION  OF  GOLD  FBOM  DILUTE  SOLXTTION  ON  BUSTED  IBOH 

CATHODES. 

The  solution  consisted  of  approximately  22  liters  of  0.047  per  cent 
cyanide,  containing  1.010  mg,  of  gold  per  100  c.  c  Seventy  (14  sets 
of  five)  coarse  wire  cathodes  were  used,  the  area  being  between  1.67 
and  7.85  square  feet.  The  rate  of  flow  was  7  liters  per  minute,  or  420 
liters  per  hour.  The  results  of  this  experiment  are  graphically 
shown  in  figure  25. 

The  cathodes  had  been  used  before  and  had  rusted,  with  an  un- 
known amount  of  gold  on  them.  During  the  first  hour,  owing  to 
the  extent  of  the  rusting,  the  gold  stripped  off  the  cathodes  and  the 
content  in  the  solution  increased  to  2.46  mg.  per  100  c.  c.  As  strip- 
ping would  not  occur  in  continuous  practice,  the  analysis  begins 
with  this  content  of  gold  in  the  solution.  At  the  close  of  the  experi- 
ment all  the  cathodes  9xcept  two  were  coated  with  gold,  but  the 
coating  was  irregular,  showing  the  effect  of  the  rust.  Near  the  sur- 
face, where  air  had  access,  the  coating  was  thinner  than  below.  The 
carbon  anode  at  1.6  volts  did  not  show  any  signs  of  corrosion.  The 
ampere-hour  efficiency  attained  in  this  experiment  is  as  follows : 

Data  shoxdng  ampere-hour  efficiency  attained. 


Hour. 

Oold,  grams  per  liter. 

Niimber 
of  liters 
treated. 

Gold  pre- 
cipitated, 
grams. 

Average 
ampere- 
hours. 

Theoretical 

gold, 

grams. 

Ampere- 
hoar 
efficiency, 
peroent. 

At  Start. 

DifleroDoe. 

0 
1 
2 
3 

4 
5 

0.0246 
.0034 
.0210 
.0075 
.0051 
.0028 

0.0012 
.0024 
.0185 
.0024 
.0028 

21.68 
21.57 
21.46 
21.35 
21.24 

0.0260 

.asi8 

.2900 
.0512 
.0006 

0.52 
.46 
.86 
.34 
.32 

3.8M 
3.381 
2.646 
2.4W 
2.852 

0.68 
1.53 
10.96 
2.05 
2.58 
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This  table  shows  the  detrimental  effect  of  rust  on  iron-wire 
cathode&  The  gold  that  had  been  previously  deposited  on  the 
cathodes  dissolved  in  spite  of 
the  current.  It  is  possible  that 
oxide  of  iron  had  formed  under 
the  gold  and  insulated  it  from 
the  iron,  thus  enabling  the  gold 
to  redissolve.  The  detrimental 
effect  of  the  rust  continued  dur- 
ing the  next  hour  and  the  am- 
pere-hour efficiency  was  only 
0.68  per  cent.  In  the  next  hour 
it  had  risen  to  1.53  per  cent, 
and  in  the  next  hour  to  10.96 
per  cent.  The  current,  then,  is 
capable  of  curing  the  evil,  and 
for  this  purpose  I  have  devised 
what  I  call  the  "hospital  cell," 
mentioned  on  page  113. 

A  test  which  further  shows 
the  effect  of  rust  upon  cathodes 
is  the  following:  Seventy  (14 
sets  of  five)  gold-coated  rusted 
iron-wire  cathodes  were  used  in 
a  solution  containing  about  1 
mg.  gold  per  100  c.  c,  or  $6.03  a 
ton.  The  cathode  surface  was 
between  1.57  and  7.85  square 
feet.  The  flow  was  7  liters  per 
minute.  The  experiment  was 
begun  with  six  perforated  plati- 
num anodes.  The  pressure  was 
2.5  volts.  The  current  at  first 
was  1.83  amperes,  falling  in 
four  hours  to  0.91  ampere.  The 
gold  on  the  rusted  iron  wires 
dissolved  in  spite  of  the  current. 
The  solution  was  then  made  up 
to  22  liters*  when  it  contained 
4.12  mg.  gold  per  100  c.  c.  and 
0.42  per  cent  KCy.  When  six 
perforated  and  peroxidized-lead 

anodes  w^re  used  the  voltage  re- 


HOURS 


FiQU&a  25. — Blectrodepoeitlon  resQlts 
with  dilute  gold  ^eolution  on  rusted 
iron-wire  cathodes.  Solution,  21.68 
liters,  contained  0.047  per  cent  KCy, 
0.1  per  cent  KHO,  and  2.46  mg.  Au 
per  100  c.  c.  Seventy  (14  sets  of  five) 
16-me8h  wlre-dotb  cathodes;  estimated 
surface  area,  between  2  and  10  square 
feet.  Rate  of  flow,  7  liters  per  minute, 
or  420  per  hour;  velocity  through 
open  box,  41  Inches  per  minute; 
through  cathodes,  91.  No  rise  in  cya- 
nide was  shown. 
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mained  unchanged,  but  immediately  the  current  rose  to  3.65  amperes. 
The  results  are  graphically  shown  in  figure  26.  The  current  effi- 
ciency was  as  follows : 

Data  shotcing  ampere-hour  efficiency  in  test. 


Hour. 

Qold,  grams  per  liter. 

Number 
ofUters 
treated. 

Ooldpre- 

dpitaUd, 

grams. 

Average 
ampere- 
hours. 

Theoretical 
eold. 

Ampere 

hour 

effldencT, 

percent. 

At  start. 

Differenoe. 

0 
1 
2 
3 

41.2 

2.5 

0.6 

Trace. 

38.7 
2.0 
0.5 

22.00 
21.80 

21.78 

0.85140 
0.04378 
0.01080 

8.07 
S.S0 
8.56 

22.663 
26.240 
26.008 

8.77 
0.17 
a04 

The  precipitation  is  at  the  rate  of  about  176  tons  per  day  in  a 
1-ton  box,  much  better  than  that  obtained  by  Siemens  &  Halske. 
Moreover,  this  result  is  evidently  all  that  could  be  desired,  but  it  was 
accomplished  at  the  expense  of  the  ampere-hour  efficiency.  Of 
course  good  precipitation  is  vital,  and  is  more  important  than  elec- 
trical efficiency.  This  would  have  been  higher,  except  for  the  rusted 
condition  of  the  cathodes.  The  great  importance  of  overcoming  the 
difficulty  from  rusty  cathodes  is  evident,  and  will  be  specially  con- 
sidered later. 

Most  of  these  experiments  with  gold  solutions  were  conducted 
at  too  low  a  voltage  for  rapid  and  complete  precipitation.  Low 
voltages  were  purposely  used  to  find  the  lowest  limit  that  would 
give  high  electrical  ^ciency  and  satisfactory  regeneration  of 
cyanide.  With  the  ordinary  gold  solutions  used  in  mill  practice 
the  cyanide  regeneration  is  so  small  that  it  is  obviously  better  to  run 
at  a  higher  voltage,  at  least  2.5  volts,  to  insure  rapid  and  complete 
precipitation. 

EXAMPLE  OF  A  GOLD  CXEAN-XTP. 

The  next  problem  for  consideration  is  that  of  recovering  the 
gold  deposited  upon  the  iron  wire-cloth  cathode&  Fourteen 
^^  bunches  of  five  "  of  these  cathodes  had  been  coated  with  about  14.7 
grams  of  gold  in  the  experiments  just  described. 

Six  flat,  sheet-iron,  graphite-coated  cathodes  were  inserted  in  the 
box  along  with  the  14  cathodes  to  be  stripped  and  now  serving  as 
anodes.  A  0.97  per  cent  potassium  cyanide  solution  was  circulated 
in  the  stripping  box  by  means  of  the  centrifugal  pump.  A  "  Nun- 
gessor  "  cell  was  used  to  supply  the  electrolytic  current.  The  voltage, 
which  at  first  was  0.75  volt,  decreased  in  one  hour  to  0.39,  then, 
as  the  stripping  progressed,  gradually  rose  to  0.69  in  six  hours.  The 
gold  was  thus  concentrated  on  both  sides  of  six  sheet-iron  cathodes. 
As  the  film  was  very  thin,  however,  three  of  the  cathodes  were 
made  anodes  and  the  gold  was  all  concentrated  on  three  cathodes. 

The  Nungessor  cell  gave  at  first  0.50  volt  and  0.26  ampere.    After 
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being  allowed  to  run  16  hours  over  night,  the  cell  gave  in  the  mom- 

ing  a  voltage  of  0.70,  and  the  current  had  fallen  to  0.001  ampere. 

The  three  cathodes  were 

coated   on   both   sides      fa4p4«4nE^ 

with   a    beautiful    clear 

yellow  coat  of  metallic 

gold   which    could    be 

easily  stripped  from  the 

graphite-coated  iron  in  a 

toug}!  coherent  film,  the 

gold  thus    recovered 

weighing  6.069  grains. 

The  cyanide  content 

was  reduced  to  0.57  per 

cent  during  this  deposi- 
tion. 
The  solution  from  the 

clean-up    box    contained 

329.05  mg.  gold  per  100 

e.  c.  (one-third  per  cent), 

thus  the  1,800  c.  c.  held 

0.923    grams.    Loosely 

adhering  to  the  cathodes 

was  some  fine  gold  which 

weighed  180  mg.    Hence 

there  was  .  recovered  in 

^eet  metal,  by  a  voltage 

of  less  than    one   volt, 

6.069  grams  of  sheet  gold 

and  0.1SO  gram  of  scrap. 

The  amount  of  gold  in 

solution  not  precipitated 

was  5.923  grams,  making 

a  total  weight  of  12.122 

grams.     Unfortunately 

in  starting  the   Q;q>eri- 

ment  part   of   the   rich 

solution    was    lost    so 

that  a   check   was   not 

possible. 

Evidently,  to   recover 
all  the   gold    a    higher 

voltage,  say  1.6  or  2.5  volts,  would  have  been  necessary.  Com- 
plete precipitation  and  recovery  of  the  gold  by  electrolysis  could 
he  made  at  any  time.    This  has  been  done  time  and  time  again. 
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80  there  is  no  doubt  on  that  point.  The  sheets  of  gold  adhering 
to  the  cathodes  obtained  here  are  a  complete  refutation  of  the 
claim  of  Prof.  Neimiann  that  recovery  of  the  gold  in  this  manner  is 
impossible. 


HOUBS 

FiODRB  27. — Results  of  silver  electrodeposltion  with  cathodes  and 
anodes  horizontal.  One  perforated  sheet-iron  anode.  One  set  of 
five  30-mesh  iron  wire-cloth  cathodes,  each  10  by  8.5  cm. ;  total 
area  of  perrlous  part,  81  square  cm.;  area  when  covered  with 
silver  was  indeterminate.  Rate  of  flow,  11  liters  per  minute  or 
660  per  hour ;  velocity  through  open  box,  58  inches  per  minute ; 
through  cathodes,  120. 

BECOVEBY  OF  shveb  oit  hobizontal  pebviotts  cathodes. 

All  the  electrodes  previously  considered  were  placed  vertically  in 
the  deposition  box.  It  was  now  thought  wise  to  see  what  could- be 
done  in  silver  recovery  by  using  horizontal  pervious  cathodes,  with 
removable  pervious  anodes  above  them.  If  this  arrangement  were 
successful,  a  clean-up  would  be  unnecessary,  for  the  silver  could 
be  scooped  up  with  a  shovel.  Such  a  construction  is  not  so  favorable 
for  deposition  as  the  previous  arrangement,  for  only  one  anode 
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and  one  cathode  can  be  used  in  each  box.  An  anode  can  not  be 
placed  below  the  cathode  on  account  of  interruptions  from  the  gas 
set  free ;  the  area  could  be  increased,  however,  by  placing  the  shallow 
oeUs  in  cascade  one  above  an6ther.    High  voltages  were  used  in  an 
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FiQCSB  28. — Resnlts  of  silver  electrodeposltlon  with  single  horizon- 
tal electrolytic  filter.    First  8  hours  a  perforated  platinum  plate 
was  used  as  anode;  last  2  hours,  12  turns  of  No.  18  platinum 
wire.    One  set  of  five  30-mesh  Iron  wire-cloth  cathodes,  each  10 
hy  8.5  cm.    Bate  of  flow,  10  to  12  liters  per  minute;  Telocity 
through  open  box,  53  Inches  per  minute ;  through  cathodes,  120. 
Voltage,  22  to  50  volts :  current,  4.8  to  13.1  amperes,  too  variable 
to  plot.     Room  temperature,  16.5*  C. ;  solution  rose  to  61.6**  C. 
In  5  hours.    Note  parallelism  between  weight  of  silver  deposited 
and  weight  of  cyanide  regenerated. 

endeavor  to  make  up  for  the  small  cathode  surface.  Very  little 
silver  was  deposited  on  the  lower  wires  of  the  cathode,  the  up-grow- 
ing deposit  of  silver  soon  formed  its  own  pervious  cathode. 

I  used  only  one  bunch  of  five  sheets  of  iron- wire  cloth  placed  hori- 
zontally, to  serve  as  the  cathode,  and  a  perforated  platinum  sheet  as 
the  anode.  The  solution  was  circulated  by  a  centrifugal  pump  so  that 
it  passed  continuously  down  through  the  anode  and  then  through  the 
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cathode.  The  cathode  was  10  by  8.5  cm.  in  size,  only  81  sq.  cm.  of 
which  was  pervious.  The  voltage,  which  varied,  b^;an  at  about  3 
and  finally  was  raised  to  40  volts.  The  rate  of  flow  was  11  liters  per 
minute,  or  660  liters  per  hour.  The  results  are  shown  in  figure  27. 
!A.t  the  end  of  the  second  hour  the  solution  began  to  have  a  slight 
brownish  cast,  which  gradually  increased,  till  at  last  it  was  dark, 
reddish  brown,  about  like  black-tea  infusion.  Its  temperature  had 
risen  to  37.6°  C.  The  room  temperature  was  20®  C.  At  the  end  of 
the  fifth  hour  3.76  grams  of  Ag  as  KAgOy,  was  added  and  1.3  liters 
of  water  to  make  the  total  volume  up  to  22  liters.  The  silver  was 
deposited  as  a  loose,  gray  sponge  on  the  wire  gauze,  which  was 
coated  only  on  the  top. 

Even  if  bosies  were  separately  arranged  in  cascade  one  over  an- 
other, it  is  probable  that  sufficient  cathode  area  to  render  the  method 
practicable  could  not  be  obtained.  Such  high  voltages  as  were  used 
are,  of  course,  out  of  the  question,  but  the  clean-up  would  be  simple 
(the  sponge  was  a  beautiful,  feltlike  network,  pervious  to  the 
solution).  All  that  would  be  necessary  in  practice  would  be  to  re- 
move the  silver  with  a  shoveL 

WITH  A  HOBIZOHTAL  ELECTBOLTTIO  FUTEB. 


An  experiment  was  made  with  a  horizontal  electrolytic  filter.  In 
this  apparatus  the  anode,  of  perforated  platinum,  was  at  the  top. 
After  three  hours,  12  turns  of  No.  18  platinum  wire  were  used.  The 
cathodes  were  of  wire  cloth  such  as  had  been  used  previously,  and 
were  each  10  by  8.5  cm.  in  dimension.  The  solution,  22  liters,  con- 
tained 0.211  per  cent  KCy  and  0.1  per  cent  KHO.  The  flow  was  at 
the  rate  of  10  to  12  liters  per  minute.  The  results  are  shown  in 
figure  28. 

At  the  end  of  the  second  hour  the  experiment  was  temporarily 
stopped,  and  the  cathodes  were  removed  during  the  noon  hour  at 
that  time.  At  the  end  of  the  third  hour  the  perforated  platinum 
sheet  was  removed  and  replaced  with  a  platinum  wire  anode.  This 
wire  anode  allowed  a  better  escape  of  the  gas  from  the  anode  and 
gave  a  stronger  current  at  a  lower  voltage.  The  ampere-hour  eflS- 
ciency  is  shown  in  the  following  table: 

Data  showing  ampere-hour  efficiency  in  experiment  toith  horizontal  filter. 


Hoar. 

Silver  oantent,  mg. 
per  liter. 

Number 
ofUters 
treated. 

Silver  pre- 
cipitated, 
grams. 

Ampere- 
hours. 

Theoretical 
silver, 
grams. 

Ampere- 
hour 
efficiency. 

At  start. 

Dlflerenoe. 

0 
1 
2 
3 

4 
5 

113A.4 

ARS.5 

263.5 

86.2 

25.0 

6.8 

454.9 

430.0 

167.3 

61.2 

18.2 

21.79 
21.68 
21.67 
21.46 
21.36 

9.816 
9.882 
8.609 
1.813 
0.382 

11.0 
11.2 
11.8 
13.1 
13.0 

44.270 
46.060 
45.480 
62.724 
52.324 

23.17 

20.70 

7.94 

2.47 

0.78 
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The  ampere-hour  efficiency  was  high  notwithstanding  the  waste- 
fully  high  voltage  used;  it  averaged  10.19  per  cent  for  the  entire 
period.  Such  high  efficiency  would  have  been  impossible  except  for 
tHe  rapid  circulation.  The  metal  came  down  as  a  beautiful  white, 
porous  layer  of  spongy  silver, }  inch  thick,  of  such  quality  as  to  per- 
mit it  to  be  scooped  up  with  a  shoveL  This  might  be  a  convenient 
modification  of  the  clean-up  box,  but  some  material  for  the  "  cathode- 
anodes  "  wotdd  have  to  be  used  that  would  not  be  corroded  after  the 
current  were  stopped — excelsior  charcoal,  for  instance. 

BEGEKERATION  07  CTAKIDE. 

During  the  first  three  hours  there  was  a  remarkable  regeneration 
of  cyanide,  as  is  shown  in  the  following  table : 

Data  showing  regeneration  of  cyanide. 


Hour. 

KCy 

content. 

Increase. 

.Volume 
^treated. 

KCy  re- 
generated. 

0 

1 

2 

3 

4 

5 

Percent. 
a  210 
.266 
.313 
.332 
.329 
.320 

Percent. 

LittTS. 

ChntM, 

+0.066 

+  .048 

+  .019 

«-  .003 

«-  .009 

21.79 

21.68 

21.57 

21.46^ 

21.35^ 

+11.698 

+10.406 

+  4.098 

a-    .644 

a-  1.922 

a  Lobs. 


The  total  number  of  grams  regenerated  in  three  hours  is  seen  to 
have  been  26.097.  The  ratio  of  cyanide  regenerated  to  the  silver  pre- 
cipitated was  as  follows : 


First  hour. 


Second  hour. 


Third  hour. 


Weight  of  KCy_  11.593_,  ,«, 
Weight  of  Ag.        9.816      * 

10.406 
9.332 

4.098 
3.609 


=1.121. 


=1.135. 


Suppose  that  for  each  gram-atom  of  silver  precipitated  (molecular 
weight,  108),  two  gram-molecules  of  KCy  (molecular  weight,  180) 
were  regenerated ;  then  for  each  gram  of  silver  1.2037  grams  of  KCy 
would  be  regenerated  at  the  cathode.  In  this  experiment  conditions 
were  more  favorable  for  reduction  at  the  cathode  than  for  oxida- 
tion at  the  anode,  and  the  highest  ratio  attained  was  very  nearly, 
bat  not  quite,  the  maximum  that  would  have  been  possible  had  there 
been  no  oxidation  at  the  anode.  It  would  seem,  then,  either  that 
the  great  current  density  at  the  anode  tended  to  prevent  oxidation, 
or  that  the  lesser  density  at  the  cathode  favored  reduction  of  the 
cyanate  formed  at  the  anode.  Probably  both  tendencies  acted  to- 
gether to  produce  this  favorable  result. 

55372'— BuU.  150-19 7 
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AHODIS. 

^^  Oh,  for  an  anode !''  There  is  no  one  who  has  done  much  dectro- 
lytic  work  who  has  not  uttered  this  exclamation  from  the  bottom 
of  his  isouL 

SOLUBLE   ANODBS. 

The  idea  of  using  soluble  anodes  so  as  to  avail  one's  self  of  the 
solution  energy  of  the  soluble  anode  is  at  first  thought  a  perfectly 
natural  one,  but  on  working  over  the  field,  only  two  soluble  metals 
are  available,  zinc  and  aluminum.  Logically,  iron  may  be  consid- 
ered as  a  soluble  anode ;  but  for  convenience,  anodes  of  iron  are  dis- 
cussed under  the  heading  ^^  Insoluble  Anodes  "  (pp.  98  to  108). 

ZINC  AND  ALUMINUM. 

If  commercial  zinc  is  used  as  an  anode,  the  gold  and  the  silver 
are  precipitated  on  the  anode  by  local  action,  even  more  than  on  the 
cathode.  Hence  both  anode  and  cathode  have  to  be  cleaned.  To 
prevent  local  action  on  the  anode,  the  use  of  amalgamated  zinc  plates 
for  anodes  has  been  proposed  by  Croasdale.'  But  unless  the  anodes 
are  made  very  thick  and  heavy  and  expensive,  they  become  brittle 
when  amalgamated  and  fall  to  pieces.  The  large  area  necessary  in 
treating  dilute  gold  solutions  is  hard  to  obtain.  The  same  objections 
apply  with  even  greater  force  to  the  use  of  soluble  aluminum  anodes. 
Difficulties  of  ore  leaching,  caused  from  the  gelatinous  hydrate  of 
aluminum,  are  further  complications,  and  quicksilver  rots  aluminum 
plates  even  more  fatally  than.  zinc. 

I  think  it  is  safe  to  take  the  position  that  if  zinc  or  aluminum 
are  to  be  used  to  precipitate  gold  or  silver  from  cyanide  solutions, 
they  should  be  used  alone  and  without  external  electricity,  a^  the 
combination  of  these  metals  with  applied  electric  energy  does  not 
seem  to  be  a  happy  one. 

INSOLTTBLE   ANODES. 

Insoluble  anodes,  of  course,  add  no  energy  to  the  bath,  and  offer 
an  increased  resistance  to  the  current  owing  to  polarization  effects. 
Nevertheless  in  treating  ore  solutions  such  anodes  would  be  better  than 
soluble  ones  if  they  really  could  be  obtained  absolutely  insoluble 
and  permanent  in  daily  use. 

PLATINUM. 

Platinum,  if  it  were  cheap,  would  solve  most  of  the  problems; 
but  except  for  experimental  work  and  for  certain  rare  uses  its  high 
cost  puts  it  entirely  out  of  the  question. 

•  Croasdale,  Stuart,  Electrolytic  precipitation  of  gold  from  cyanide  solutions :  Eng.  an^ 
Min.  Jour.,  Dec.  12,  1896,  voL  62,  pp.  557-558. 
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HARD  CARBON. 

Hard  electric-light  carbon  serves  admirably  in  cyanide  solutions 
when  the  voltage  is  kept  below  that  at  which  water  is  decomposed. 
But  this  point  is  so  low  (1.48  volts)  that  it  is  below  the  voltage' 
necessary  to  use  in  practice.  At  higher  voltages  the  carbon  is  slowly 
acted  upon,  and  the  solution  becomes  colored  like  weak  tea.  I  have 
found,  however,  by  Repeated  experiments  that  even  when  darkly 
colored  such  cyanide  solution,  when  aerated,  will  dissolve  gold  as 
freely  as  fresh  cyanide  solution  of  equal  strength.  This  form  of 
carbon  resists  the  chlorides  very  well  but  soon  succumbs  to  alkaline 
sulphates,  which  are  sure  to  ,be  present  in  cyanide  solutions  after 
treating  sulphide  ores  and  must  be  reckoned  with.  I  have  tried  to 
increase  the  resistance  of  this  form  of  carbon  by  boiling  for  several 
days  in  vaseline  or  paraffin  the  anodes  made  of  it,  in  order  to  confine 
corrosive  action  to  the  surface,  but  these  efforts  have  been  without 
success. 

ACHESON   GRAPHrrE. 

Graphite  anodes,  as  produced  by  Acheson,  of  Niagara  Falls,  in 
the  electric  furnace,  are  a  great  improvement  on  the  ordinary  hard 
carbon.  The  substance  is  a  better  conductor  than  ordinary  carbon 
and  is  much  more  resistant,  but  in  practice  it,  too,  fails  when  used 
wi&  solutions  containing  soluble  sulphates.  As  already  mentioned 
in  the  experience  with  Acheson  graphite  anodes  in  the  Oliver  process, 
at  the  North  Star  mine,  as  long  as  the  process  was  confined  to  the 
treatment  of  solutions  coming  from  sands  that  contained  very  little 
sulphate,  the  anodes  stood  up  very  well,  but  as  soon  as  solutions  com- 
ing from  the  concentrated  sulphides  were  treated,  the  abundant  sul- 
phates soon  reached  the  weak  points  of  the  anodes  and  they  disinte- 
grated finally  into  a  soft  black  mud.  This  failure  was  one  of  the 
causes  that  led  to  the  abandonment  of  the  entire  process.  The  ease 
with  which  the  Acheson  graphite  can  be  machined  in  a  lathe  and 
built  up  into  many  forms  is  a  great  advantage.  I  have  used  it  in  my 
experiments  in  the  form  of  "comb  anodes."  These  are  made  by 
brewing  four  |-inch  graphite  rods,  so  as  to  project  4^  inches,  into  the 
rectangular  block  or  base  bar,  also  of  graphite.  Such  anodes  are 
rather  brittle  and  have  to  be  handled  carefully,  but  if  sulphate  solu- 
tions are  avoided  they  will  last  for  years.  There  is  never  any  doubt 
as  to  the  security  of  the  connections.  I  usually  solder  a  copper  wire 
to  a  brass  ring,  which  tightly  fits  around  one  of  the  projecting  rods ; 
then  the  anode  requires  no  further  attention,  except  to  avoid  drop- 
ping it  Enough  has  been  said  to  show  that  the  Acheson  graphite 
anode  can  not  be  said  to  solve  the  entire  problem. 
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PEROXIDIZED-LEAD  ANODES. 

The  discoveiy  by  Andreoli  that  peroxidized-lead  anodes  could  be 
used  in  cyanide  solutions  has  been  of  great  value  to  the  art.  It  does 
not  seem  to  be  a  matter  of  indifference  how  these  anodes  are  pre- 
pared. It  would  seem  as  if  those  prepared  either  as  is  done  by  Mr. 
Butters — ^namely,  by  scratching  the  surface  with  a  stiff  brush  and 
then  making  them  anodes  in  a  1  per  cent  solution  of  permanganate 
of  potassium  for  at  least  one  hour,  employing  a  current  density  of 
1  ampere  per  square  foot  of  anode — or  else  by  making  them  first 
for  a  short  time  cathodes  and  then  anodes  in  a  caustic  potash  solu- 
tion containing  peroxide  of  lead,  give  better  results  with  cyanides 
than  those  peroxidized  in  sulphuric  acid.  However,  it  is  not  abso- 
lutely certain  which  is  the  better  way,  as  enough  work  has  not  been 
done  on  the  subject. 

Well  prepared,  these  anodes  last  about  a  year.  Sooner  or  later 
they  begin  to  show  white,  downy,  fungus-like  growths  that  form 
usually  in  vertical  streaks,  which  extend  up  and  down  the  plate. 
If  these  growths  are  cleaned  away,  naked  lead  is  seen  to  have  been 
exposed  to  corrosion.  ^^  Local  action  "  has  started  and  deep  depres- 
sions are  formed  in  the  plate,  which  soon  disintegrates.  •  Prof.  Kerns 
says  that  these  white  formaticHis  are  composed  of  the  hydrate  of  lead. 
That  they  often  contain  lead  cyanide  I  have  proved  by  the  following 
experiment. 

Some  of  the  white  formation  was  washed  by  decantation  till  the 
washings  failed  to  give  any  reaction  for  cyanide  of  potassium.  The 
residue  was  then  placed  in  a  flask,  acidified  with  sulphuric  acid,  and 
air  was  blown  through  the  mixture  and  allowed  to  bubble  through  a 
1  per  cent  solution  of  caustic  potash.  In  a  short  time  a  distinct 
reaction  was  obtainable  for  cyanide  in  the  alkaline  solution. 

It  would  appear  that  the  substance  is  a  varying  mixture  of  hy- 
drate, carbonate,  and  cyanide  of  lead.  In  time  such  a  growth  some- 
times becomes  slightly  peroxidized  on  the  surface,  but  once  it  has 
started,  eats  like  a  cancer  through  the  plate.  Prof.  Keams  suggests 
that  the  cause  of  these  growths  starting  is  the  porosity  of  the  per- 
oxide film.  This  is  most  likely;  but  I  have  seen  growths  start  on 
thick  coatings  where  the  occurrence  of  pores  was  unlikely.  Seem- 1 
ingly  a  frequent  cause  may  be  the  cracking  of  the  rather  brittle 
oxide  when  the  plastic  lead  beneath  it  is  bent.  The  films  on  these 
long  lead  strips  may  be  easily  cracked  by  bending  of  the  sheets  as 
they  hang  loose  in  the  bath,  and  particularly  by  their  being  handled. 

Another  possibility  is  that  under  certain,  but  as  yet  unknown  con- 
ditions of  current  density  (accidental  short  circuits,  perhaps)  and 
temperature,  the  anion  AuCyg  or  its  components  AuCy  and  Cy  may 
act  as  reducing  agents  on  the  PbO,,  thus  exposing  naked  lead  to  the 
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aotion  of  tiie  current.  A  similar  reaction  was  encountered  when  I 
oore  fried  to  dry  out  a  mixture  of  PbOj  and  glycerin  on  the  st«am 
bath.  The  mixture  was  decomposed  with  almost  explosive  violence 
and  abundant  minute  shots  of  metallic  lead  were  reduced  from  the 
miiture. 

The  flat  shape  of  the  ordinary  sheet  anode  renders  it  peculiarly 
sensitive  to  a  rupture  of  the  protecting  surface  hy  bending.  In  order 
to  meet  this  difficulty  I  have  devised  an  improved  anode  (U.  S.  pat- 
ent No.  883170,  Mar.  31,  1908). 

For  this  purpose  I  construct  a  frame  of  wood,  shown  in  vertical 
longitudinal  section  at  A,  and  in  vertical  cross  section  at  B,  in  figure 
29.  If  the  wooden  frame,  a,  is  made  large  it  should  be  strengthened 
by  hoiizontal  cross  bars  b.  Strips  of  lead  wire,  c,  one-eighth  to  one- 
fourth  of  an  inch  thick,  and  of  cylindrical  form  are  drawn  through 
suitable  holes  bored  in  the  horizontal  bars  of  the  frame,  spaced  one- 
biif  to  one  inch  or  more, 

thus  stretching    the    lead  d 

nires,  like  the  wires  of  a 
barp,  alternately  up  and 
down  throngh  the  frame. 
The  wires  are  connected  on 
the  top  by  a  lead  bus  bar,  d, 
krgt  enough  to  carry  the 
total  electric  current,  the 
iodiridual  wires  being  so 
proportioned    as  to   carry 

their  part  of  the  electric  p,„^,  aS-Anode  (r.me  anign^d  to  prevent 
current,  which  they  must  ttendlDg  of  metal,  a,  Tertlcol  lonEltualnal  eec- 
iln  Kilkniit  nirsfhpfltinv       T  "o° :     ^'     verUcal    croBg    sectlOD.      a.     Wooden 

(10  Without  ovemeating.    1       ^^^.  ^  _.^„^g  ^^.  ^  ,^j  ^i,^.  ^  ,„j  i,^„ 

prefer  to  protect  the  wood  bar ;  «,  copper  wire  connection  to  buB  bar. 

from  the  solution  by  paint- 
ing it  with  the  so-called  "  P  &  6  "  paraffin  paint  or  some  other 
similar  substance.  The  bottoms  of  the  lead  wires  are  kept 
from  touching  the  bottom  of  the  box  by  placing  them  in  a 
groove  in  the  lower  horizontal  cross  bar.  Where  the  wires  pass 
over  the  lead  bus  bar  at  the  top  they  are  secured  to  the  bus  bar,  pref- 
erably hy  the  process  of  lead  burning  rather  than  soldering,  al- 
though soldering  may  be  used  if  nece^ary.  Tlie  end  of  the  bus 
liar  is  connected  at  e  with  a  copper  wire,  which  connects  with  the 
main  bus  bar  or  the  conductor  introducing  the  positive  current. 
After  the  anodes  are  thus  constructed,  the  lead  wires  are  prepared 
as  follows : 

In  order  to  get  a  clean  metallic  surface  on  the  outside  of  the 
"ires  free  from  all  insulating  substances,  I  connect  the  wire  with 
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the  negative  pole  of  a  suitable  source  of  electrical  energy,  making 
the  lead  wires  cathodes  for  a  short  time  in  a  solution  of  plumbate 
of  soda.  Any  oxide  or  carbonate  or  hydrate  that  may  have  been 
formed  on  the  outside  of  the  lead  wires  becomes  thus  reduced  to  the 
metallic  state,  and  an  even  surface  is  produced  on  the  outside  of  the 
wire  of  lead.  Without  waiting  for  the  film  to  oxidize  in  any  way, 
the  electric  current  is  immediately  reversed  and  the  lead  wires  are 
made  anodes  in  the  same  solution  and  are  kept  there  until  a  firm, 
adherent,  dark  chocolate  brown  coating  of  peroxide  of  lead  i^orms 
over  every  portion  of  the  wire  exposed  to  the  action  of  the  current. 
When  this  coating  is  of  sufficient  thickness  to  protect  the  wire,  it 
forms  a  cylindrical  film  or  tube  of  firmly  adherent  peroxide  of  lead. 
The  anodes  are  then  ready  to  be  inseifted  into  the  bath  of  copper 
sulphate,  cyanide  of  gold  or  of  silver,  or  other  solution  to  be  treated, 
to  act  as  pervious  peroxidized-lead  anodes.  These  peroxide-coated 
lead  wires  may  also  be  replaced  by  solid  rods  of  lead  peroxide  simi- 
larly arranged  in  a  suitable  frame. 

Solid  rods  of  peroxide  of  lead  are  not  so  good  conductors  as  those 
with  a  lead  core,  hence  they  have  to  be  made  larger  in  section  to 
carry  the  same  current.  They  are,  however,  more  durable.  The 
wooden  frame  serves  to  protect  the  anode  rods  both  from  deforma- 
tion and  from  destruction  by  short  circuits.  The  tube-like  coating 
of  PbOj  upon  the  lead  wires  is  less  likely  to  scale  than  the  coating 
on  flat  moving  sheets.  With  sheets  the  slightest  deformation  is  likely 
to  cause  the  coating  to  scale.  The  wire  anodes  thus  described  expose 
less  surface  to  the  bath  than  the  flat  anodes.  They  thus  give  a 
lower  oxidizing  effect,  an  advantage  which  is  highly  desirable  in 
treating  cyanide  solutions. 

It  is  hard  to  obtain  data  on  the  conductivity  of  lead  peroxide. 

Landolt  and  Bomstein*  give  the  following  for  "hydrated  lead 

peroxide" : 

Conductivity  of  "  hydrated-lead  peroxide,** 

Conductivity,  per  c.  c.     Resistance,  ohms  per  c.  c. 
0.163  6.13  (Shields) 

4.68  0.214  (Weyde) 

With  1,5  per  cent  HaO 335.00  0.00298  (Ferchland) 

Pressed  powder 0,435  2.3  (Shelntz) 

The  conductivity  of  lead,  at  ordinary  temperatures  is  given  at 
1.99X10*  to  5.35X10*  per  cubic  centimeter^  or  the  resistance  varies 
from  5.02XlO-»  to  1.87  XlO"**  ohms. 

SHEET-IRON  ANODES. 

As  already  remarked,  logically  sheet-iron  anodes  should  be  classi- 
fied under  "  Soluble  anodes,"  but  it  is  more  convenient  to  discuss 


«  Landolt,  H.  H.,  Landolt-BOrnsiein  PbyBlkallsch-chemischie  Tabellen,  3d  ed.,  1905,  p. 
723. 
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them  here.  Sheet-iron  anodes  were  used  first  by  Siemens.  It  is  well 
known  that  with  a  weak  current  the  iron  combines  with  the  cyanide 
and  cyanogen  to  form  potassium  ferrocyanide,  which  forms,  with 
Yftrious  iron  oxides,  Prussian  blue  and  other  compounds.  If  the  cur- 
rent is  of  a  certain  density  a  protecting  oxide  coating  forms  oa  the 
anode,  from  the  oxygen  set  free  there,  and  the  anode  lasts  very 
well.  But  if  there  are  chloride^  in  the  solution,  the  iron  salt  of  this 
acid  fonns  at  the  anodes  and  is  secondarily  decomposed  by  the 
alkaline  solution,  forming  at  last  hard,  warty  crusts  of  ferric  hydrate 
^Teral  inches  thick.  Sulphates  seem  to  be  nearly  as  harmless,  but 
chlorides  which  are  harmless  to  carbon  are  fatal  to  iron  anode& 

These  crusts  increase  the  electrical  resistance.  Moreover,  they 
contain  considerable  cyanide  of  gold,  which  has  traveled  to  the 
anode  and  become  entangled,  making  an  objectionable  residue  that 
is  hard  to  treat.  Also,  the  cost  of  the  quantity  of  iron  thus  de- 
stroyed, amounting  in  large-scale  work  to  many  tons,  is  considerable. 

"  PASSIVE  IRON  "  ANODES. 

The  well-known  but  elusive  substance  known  as  "  passini  iron  " 
was  first  suggested  as  an  anode  in  cyanide  solutions  by  Hittorf  ,^  and 
it  has  been  again  proposed  by  Kem^  as  a  cure  for  the  trouble  above 
described.    For  the  purpose  he  treated  the  metal  as  follows : 

The  iron  anodes  were  rendered  passive  by  first  "  removing  grease 
by  digesting  them  in  hot  caustic  soda  solution,  rinsing  in  water,  then 
putting  them  into  a  dilute  solution  of  mixed  sulphuric  and  hydro- 
diloric  acids  in  order  to  remove  all  oxide,  washing  with  clean  water, 
thoroughly  drying,  and  finally  placing  them  in  concentrated  nitric 
acid  and  allowing  them  to  remain  for  about  two  hours.  By  this 
treatment  the  iron  plates  were  coated  with  a  film  of  magnetic  oxide 
(^^sO*).  On  removing  the  plates  from  the  concentrated  nitric  acid 
they  were  immediately  washed  with  clean  water  and  thoroughly 
dried  to  prevent  the  formation  of  ferric  oxide  (Fe^Oj)."  The  man- 
ner of  drying  is  not  mentioned.  It  is  an  important  omission  in  such 
a  delicate  operation.  Kern  expresses  great  satisfaction  with  the 
'^pas^ve  iron  anodes,"  but  the  experiments  he  describes  only  lasted 
a  couple  of  hours,  and  he  does  not  seem  to  have  tried  the  effect  of 
NaCl  and  Na2S04.  Long  experience  shows  that  the  conditions  gov- 
erning ^passive  iron"  are  too  uncertain  and  too  little  understood 
to  pin  much  faith  to  anodes  so  constructed.  I  have  been  imable  to 
find  any  of  the  many  directions  for  producing  them  to  give  a  result 
that  would  make  a  permanent  anode  that  would  stand  up  with 

*HlttoTf,  W.,  thier  pasBiTltat  der  Metalle:  Ztsohr.  Phys.  Chemie,  Bd.  84,  1000,  p.  805. 
*  Kern,  E.  F.,  Electrolysis  of  cyanide  solutions :  Trans.  Am.  Blectrochem.  See.,  toL  24, 
l»ia,  pp.  241-270. 
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cyanide  solutions  containing  chlorides  under  tensions  of  three  or  four 
volts  and  not  break  down.  Ferric  hydrate  and  Prussian  blue  soon 
form  the  usual  crusts  and  the  anode  fails  utterly. 

If  some  such  method  could  be  perfected  it  would  be  of  the  greatest 
practical  utility,  not  only  in  electrolysis,  but  in  all  the  other  in- 
dustrial uses  of  iron.  The  investigation  of  "  passive  iron ''  has  oc- 
cupied the  attention  of  many  able  men  for  years,  but  there  is  no 
general  agreement  as  to  the  cause  of  the  phenomena.  I  use  the  plural 
advisedly.  If  the  cause  were  once  surely  settled  some  practical 
methods  would  almost  certainly  result.  But  "where  doctors  dis- 
agree who  shall  decide? "  The  patient  usually  succumbs,  and  that 
is  what  happens  to  the  "  passive  iron  "  anode  when  it  is  put  to  prac- 
tical use. 

An  interesting  symposium  on  the  passivity  of  metals  was  held 
November  12,  1913,  in  London  by  the  Faraday  Society .«  The  dis- 
cussion, which  is  well  worth  close  study,  shows  that  the  phenomena 
are  too  varied  to  be  covered  by  a  single  theory.  The  three  important 
theories  that  are  held  are  the  following: 

1.  The  oxide  film  theory,  proposed  by  Faraday.* 

2.  The  valency  theory  of  Finkelstein  and  Kruger  ^  and  of  Miiller.'* 
This  assumes  that  the  metal  is  in  an  electric  condition  which  ^ters 
its  valence  and  renders  it  more  "  noble.''  Finkelstein  assumes  that 
in  the  case  of  ordinary  iron  both  bivalent  and  trivalent  atoms  are 
present;  that  the  passivity  consists  in  either  removing  the  bivalent 
atoms  from  the  surface  or  changing  them  into  the  trivalent  kind. 
Hittorf  ^  disagrees  with  Faraday  in  the  assumption,  and  although 
he  seems  to  incline  to  some  such  view,  does  not  conmiit  himself. 

3.  The  reaction  velocity  theory  of  Le  Blanc,  which  presupposes 
two  possible  conflicting  reactions,  ihe  changing  rate  of  which  pro- 
duces the  various  effects.  There  are  three  or  four  modifications  of 
this  theory  which  are  rather  metaphysical  in  their  refinements  and 
to  discuss  them  in  detail  would  take  us  too  far  afield. 

As  early  as  July,  1900,  I  had  hopes  of  utilizing  "passive  iron'' 
anodes.  Iron  was  made  "  passive  "  in  a  mixture  of  strong  nitric  and 
sulphuric  acids,  and  after  washing  the  specimens  of  iron  so  treated 
were  made  anodes  in  potassium  cyanide  to  which  a  little  silver  nitrate 
had  been  added.    The  anodes  were  attacked  with  free  formation  of 

•  Senter,  O.,  and  others,  Tbe  passivity  of  metals :  Trans.  Faraday  Soc,  vol.  9,  March, 
1914,  pp.  203-290 ;  abstracted  in  Met  and  Chem.  Eng.,  voL  11,  December,  1918,  p.  679. 

^  Faraday,  Midiael,  On  a  peculiar  voltaic  condition  of  iron :  PhUos.  Mag,,  vol.  9,  1836, 
pp.  57-66. 

« Finkelstein*  Alexia^  t}ber  passtvea  Bisen:  Ztschr.  Phys.  Chemle,  Bd.  89,  1902,  pp* 
91-110. 

^iMfiller,  W.  7.,  Zvr  PaflslTltilt  der  MeUlIe:  Ztschr.  Phys.  Chemie,  Bd.  48,  1904, 
pp.  B77-684. 

e  Hittorf,  Wn  fiker  die  Passivitftt  der  MetaUe :  Ztschr.  Phys.  Chemie.  Bd.  84,  I960, 
p.  898. 
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hydrates  and  other  compounds.  Iron  boiled  in  paraffin  was  similarly 
attacked.  Electric-light  carbon  which  had  been  boiled  in  paraffin  to 
fill  the  pores  was  at  eight  volts  disintegrated  on  the  surface  into  a 
sludge. 

On  July  7,  1900,  I  conducted  an  experiment  with  a  0.5  per  cent 
cyanide  solution  containing  gold  and  silver  as  cyanides  and  1.5  per 
cent  conmion  salt  For  the  anode  I  used  a  small  ornamental  cast- 
iron  scroll  that  had  been  well  coated  with  a  magnetic  iron  coating 
by  the  Bower-Barff  process.  Four  volts  gave  a  current  of  0.100  am- 
pere, with  a  wetted  area  of  about  10  square  inches.  After  3^  hours 
the  current  had  risen  to  0.250  ampere.  Red  hydrate  of  iron,  but  no 
Prossian  blue,  had  formed  on  each  of  the  little  spots  where  the  pro- 
tective covering  had  scaled  off.  The  main  body  of  the  coating  did 
not  appear  to  have  been  attacked  in  the  least.  The  scroll  has  since 
lain  around  the  laboratory  and  been  exposed  to  various  atmospheric 
conditions  without  further  change,  which  goes  to  show  how  ener- 
getic anodic  O2ddation  is,  particularly  when  assisted  by  a  little  salt. 

Two  days  after  making  the  test  above  described  I  took  a  wire  nail 
about  one-eighth  inch  thick  and  heated  it  to  redness  till  it  acquired  a 
uniform  coat  of  scale.  When  cold  this  proved  to  be  a  fairly  good  con- 
ductor. I  made  the  nail  an  anode  in  a  bath  of  200  c  c.  of  0.5  per  cent 
KCy  solution,  containing  KAgCyj,  to  which  20  c.  c  of  a  saturated 
solntion  of  NaCl  had  been  added.  The  nail  was  immersed  about 
3  inches.  At  2  volts  it  permitted  the  passage  of  a  current  of  0.001 
to  0.002  ampere,  and  was  very  little  acted  on  except  at  the  point  I 
allowed  the  current  to  run  over  night  and  found  in  the  morning  that 
it  had  risen  to  0.100  ampere.  A  large  quantity  of  a  greenish-yellow 
slime  had  formed  and  settled  out.  The  nail  was  half  eaten  through 
at  the  end  and  near  the  middle,  but  otherwise  the  black  magnetic 
coating  was  intact  When  the  slimy  hydrates  were  removed,  the  part 
eaten  out  below  the  slime  was  bright  and  white  like  silver.  Evi- 
dently where  the  coating  was  intact  it  protected  the  iron  from  attack, 
but  wherever  there  was  a  defect  in  the  coating  the  iron  was  corroded 
rapidly,  evidently  forming  a  short-circuit  couple  between  the  iron 
and  the  oxide  coating,  which  had  made  the  corrosion  more  active  on 
account  of  the  "  local  action."  I  have  experimented  in  this  direction 
and  have  had  hopes  of  working  out  a  method  that  will  give  a  firm 
coherent  coating  of  magnetite  on  cylindrical  iron  rods,  enabling  the 
construction  of  a  grid  anode  coated  with  magnetic  oxide  of  iron 
similar  to  the  grid  anode  of  peroxide  of  lead. 

Evidently  in  the  two  tests  cited  the  "passivity"  was  due  to  an 
oxide  film,  and  the  explanation  suggested  by  Faraday  holds  good. 
Fihns  so  formed  are  not  necessarily  of  Fe804,  as  assumed  by  Prof. 
Kem,  but  seem  to  be  mixtures  of  FeO  and  FeJJ^  in  varying  propor- 
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tions.  There  is  more  of  the  FejOs  on  the  outside  and  more  FeO 
on  the  inside.  The  fihns  are  usually  magnetic.  The  least  defect  in 
the  rather  brittle  coating  exposes  the  interior  and  corrosion  ensues  in 
a  way  similar  to  that  of  iron  poorly  electroplated  with  copper.  The 
iron  rusts  rapidly,  even  under  the  copper  coating,  and  scales  worse 
than  does  the  magnetic  coating.  If  the  magnetic  coating  is  thick, 
it  chips  very  easily,  but  if  it  is  thin  it  seems  to  be  porous.  These 
defects  are  recognized  by  the  Bower-Bar iBf  concern,  which  always  dips 
thin  light-coated  grill  work  for  interiors  in  melted  paraffin  to  fill  the 
pores  in  the  coating.  Whether  a  durable  coating  of  this  oxide  can 
be  obtained  for  anodes  subject  to  bending  and  warping  in  handling  is 
open  to  doubt. 

The  failure  of  iron  anodes  made  "  passive  "  in  strong  nitric  acids, 
or  by  anodic  polarization  in  alkaline  oxidizing  agents,  may  be  due 
also  to  porosity.  The  film,  or  whatever  the  protecting  condition  is, 
appears  to  be  too  delicate  for  practical  use.  Grave*  claims  that  the 
pure  iron  is  passive  but  the  presence  of  hydrogen  ions  destroys  this 
passivity.  The  "passive"  state  created  by  acid  treatments  is  evi- 
dently too  unstable  to  serve  as  the  base  of  any  industrial  method  in 
the  present  state  of  knowledge,  but  the  importance  of  the  subject 
warrants  further  research. 

ANODES  OP  MAGNETTTE. 

Henry  Blackman  (U.  S.  patent  568281,  Sept  22,  1896)  claims  the 
use  of  electrically  conductive  anodes  of  iron  oxide  in  a  dense  imper- 
meable mass.  He  specifies  the  use  of  magnetite  or  ilmenite  cut  from 
a  slab  of  the  mineral,  which  would  be  a  difficult  task.  He  specifies 
also  the  agglomeration  of  grains  of  these  minerals  by  tar  or  sugar 
or  by  means  of  suitable  fluxes.  This,  of  course,  is  objectionable  as  the 
binder  yields  and  also  acts  as  an  insulating  agent. 

I  have  tried  a  pervious  mass  of  loose  magnetite  grains  held  in  a 
box  with  cheesecloth  sides,  but  the  mineral  in  this  shape  is  neither 
sufficiently  pervious  to  the  solution  nor  of  sufficient  conductivity. 

Heinrich  Specketer  (U.  S.  patent  931513,  Aug.  7, 1909)  claims  the 
use  of  anodes  cast  in  rods  from  molten  magnetite.  He  fuses  Yefi^^ 
which  changes  on  melting  into  FcgO*  with  a  slight  excess  of  FeO, 
the  latter  crystallizing  in  a  different  system  from  the  magnetite  and 
causing  it  to  disintegrate.  This  oxide  is  removed  by  adding  a  small 
amount  of  finely  pulverized  FcgOg  to  the  melt  just  before  pouring 
into  the  molds.  The  mass  solidifies  on  the  outside  first  and  the 
molten  interior  can  be  poured  out,  leaving  a  hollow  tube  which  can 
be  electroplated  with  metal  on  the  inside,  to  make  it  a  better  con- 

«  Grave,  Ernst*  Nene  TTntersnchnngen  fiber  die  Passlvitat  von  Metallen :  ZtBChr.  Phyi. 
Cbem.»  Bd.  77,  1911,  pp.  513-{(76. 
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doctor,  or  a  rod  of  iron,  copper,  or  nickel  can  be  inserted  in  the  still 
plastic  interior.  This  patent  has  been  assigned  to  the  Chemische 
Fabrik  Griesheim  Electron,  of  Frankfort,  Germany.  The  firm  has 
undertaken  its  manufacture. 

A  part  of  one  of  these  anodes,  broken  from  a  larger  part,  was 
sent  me  by  Mr.  Haigh,  president  of  the  Moore  Filter  Co.  It  was 
formerly  used  in  connection  with  the  Clancy  process.  The  piece  is  of 
a  uniform,  bluish-black  color,  is  about  10  inches  long  by  five-eighths 
inch  in  diameter,  and  is  cylindrical.  An  inch  and  a  half  near  the 
top  has  been  electroplated  with  copper  to  facilitate  making  ^contact. 
The  coating  is  thin  and  has  partly  scaled  off. 

I  have  used  this  specimen  as  an  anode  in  a  0.2  per  cent  cyanide 
solution  without  sodium  chloride  and  sodium  sulphate,  with  1  per 
cent  sodium  chloride  in  one  experiment,  and  with  1  per  cent  sodium 
sulphate  in  another,  employing  4  volts,  without  the  slightest  apparent 
formation  of  either  ferrous  hydrate  or  Prussian  blue,  and  without 
any  change  of  appearance  eithei  of  the  anode  or  the  solution.  I  did 
not  use  the  anode  for  any  great  length  of  time,  but  it  appears  to  be 
very  durable.  The  outer  cast  surface  is  a  deep  bluish  black,  almost 
like  velvet,  but  the  fractured  surface  is  rather  bright  and  crystal- 
line, like  fractured  magnetite.  The  material  has  the  disadvantage  of 
being  brittle,  but  is  much  less  so  than  Acheson  graphite.  The  mag- 
netic anode  is  not  as  good  a  conductor  as  the  graphite,  but  is,  on  the 
whole,  one  of  the  most  promising  anodes  that  I  have  seen.  I  am 
informed  that  the  material  is  not  so  permanent  with  an  alternating 
current,  ^nd  also  that  it  has  been  abandoned  as  an  anode  for  the 
Clancy  process,  being  found  less  satisfactory  than  Acheson's  "ex- 
truded graphite."  Such  graphite  when  soaked  in  paraffin  is  said  to 
give  better  results  with  that  process. 

The  permanence  of  the  magnetite  anode  suggests  that,  in  this  case 
at  least,  the  oxide  film,  as  suggested  by  Faraday,  is  the  true  cause  of 
the  passivity.  In  a  thin  film,  formed  in  the  wet  way,  porosities  and 
defects  of  the  film  may  be  the  cause  of  the  unreliability  and  frequent 
failurea.  When  the  film  becomes  ruptured,  exposing  only  the 
minutest  spot,  an  intense  local  action  begins  and  destruction  follows. 
It  is  possible  that  electrolytic  lining  of  the  hollow  magnetic  anode 
with  copper  in  a  similar  way,  or  filling  it  with  a  rod  of  iron  or  copper 
^bile  stiU  hot,  might  also  cause  shrinkage  cracks  in  the  film  and 
similarly  result  in  failure. 

A  aerious  defect  of  the  magnetite  anode  is  that  it  is  not  a  very  good 
ccmductor.  Landolt  and  Bernstein «  give  for  Swedish  magnetite  a 
'^^stance  of  0.595  ohm  per  cubic  centimeter,  conductivity  1.68.  I 
have  found  a  much  less  resistance  by  testing  the  anode  rod  just  de- 

*Undolt.  H.  H.,  Landolt-B5ni8teln  Physlkallsclichemlsclie  Tabcllen,  3d  ed.,  1905, 
^724, 
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scribed,  a  result  which  I  believe  to  be  nearer  the  true  value.  The 
mean  of  four^ closely  agreeing  tests  conducted  at  room  temperature 
was  0.0319  ohm  per  cubic  centimeter  (or  a  conductivity  of  31.4) . 
This  makes  the  resistance  nearly  20,000  times  as  great  as  that  of 
copper,  more  than  3,000  times  as  great  as  that  of  iron,  and  more 
than  10  times  as  great  as  that  of  a  good  electric-light  carbon.  This 
is  a  serious  drawback.  Of  course  if  the  metallic  core  could  be  used, 
without  any  failure  in  the  protecting  surface,  this  resistance  would 
be  much  cut  down.  Further  details  from  the  manufacturers  have 
not  come  to  hand. 

CATHODES. 

Satisfactory  cathodes,  as  such,  are  not  so  difficult  to  obtain.  Many 
suitable  substances  are  available.  But  when,  as  in  the  Christy  elec- 
troconcentrating  process,  a  cathode  is  desired  that  may  serv-e  alter- 
nately as  a  cathode  and  as  an  anode,  the  problem  is  not  so  easy. 

SOLTTBLE    CATHODES. 

Mercury  and  amalgamated  copper  cathodes  are  specified  in  numer- 
ous patented  processes,  but  serious  chemical  and  physical  objections 
to  using  these  materials  have  been  sufficiently  explained.  An  addi- 
tional objection  is  the  cost  of  the  large  amount  of  these  expensive 
metals  that  must  be  used  to  obtain  effective  deposition  from  the  dilute 
solutions  required  in  practice.  Except  in  certain  exceptional  elec- 
trolytic methods  where  strong  solutions  are  used  and  where  regenera- 
tion of  the  cyanide  and  the  caustic  alkali  is  possible,  it  may  be  said 
that  the  use  of  quicksilver  and  copper  is  out  of  the  question. 

SHEET  ALUMINUM. 

The  use  of  sheet  aluminum  has  been  proposed  by  Cowper-Coles," 
who  claims  that  the  cathode  should  fulfill  the  following  conditions : 

1.  The  gold  should  be  adherent  during  the  process  of  deposition. 

2.  The  gold  should  be  capable  of  being  readily  stripped,  after  removal  from 
the  electrolyzlng  cell. 

3.  The  cathode  should  be  electropositive  to  the  gold  in  solution,  to  Insure  its 
being  coated  with  gold  on  immersion. 

It-  is  affirmed  that  deposited  gold  is  easily  stripped  from  the 
cathodes  after  deposition,  and  claimed  that  the  metal  is  recovered 
successfully  from  a  solution  containing  2.5  pennyweight  of  gold  per 
ton  and  0.01  per  cent  KCy.  This  solution  is  treated  for  10  hours, 
with  a  flow  of  15  gallons  per  100  hours  for  every  cubic  foot  of  the 
deposition  box,  and  for  3  square  feet  of  cathode  surface.    Six  volts 

•  Cowper-Coles.  Sherard,  Some  notes  on  the  recovery  of  gold  from  cyanide  solutions : 
Trans.  Inst  Min.  and  Met,  vol.  0,  1897-8,  p.  219. 
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are  mentioned  as  being  used.  However,  there  is  great  danger  of  the 
cathodes  decomposing  the  water  and  becoming  coated  with  aluminic 
hydrate  in  spite  of  the  current,  and  this  of  course  would  put  an  end 
to  their  usefulness. 

m 

,  The  idea  of  using  a  metal  electropositive  to  gold  to  prevent  re- 
solution of  the  gold  in  case  the  current  fails  is  an  ingenious  one, 
and  has  been  proposed  by  Bettal  and  Andreoli,  both  of  whom  use 
zinc  for  the  purpose.  It  must  be  remembered  that  the  zinc  or  alumi- 
num can  act  as  an  electropositive  metal  and  protect  gold  on  a  failure 
of  the  current  only  when  the  gold  is  deposited  so  loosely  as  to  allow 
the  solution  access  to  the  zinc  or  aluminum  to  form  a  couple.  If 
the  gold  is  deposited  as  a  coherent  sheet,  as  proposed  by  Cowper- 
Coles,<>  no  such  protective  action  is  possible.  The  anode  and  the 
gold-coated  cathode  then  form  the  couple,  and  the  gold  dissolves  if 
the  current  fails,  in  spite  of  the  protective  aluminum  or  zinc.  Also, 
when  mercury  is  in  solution  it  amalgamates  with  the  aluminum  of 
the  cathodes  and  causes  the  latter  to  heat,  oxidize,  and  disintegrate 
in  a  most  remarkable  manner.  In  my  judgment,  these  objections  suf- 
fice to  invalidate  the  use  of  aluminum  for  cathodes  in  cyanide  solution. 

INSOLUBLE  CATHODES. 
HABD  CABBON  AND  GRAPHrTE. 

Hard  carbon  and  gcaphite  can  be  used  in  the  form  of  sheets,  both 
as  cathodes  and  afterwards  as  anodes,  in  a  stripping  solution  of  pure 
cyanide  at  a  low  voltage  without  any  difSculty  whatever.  When  the 
gold  has  been  concentrated  on  Acheson  graphite  sheet  cathodes  it 
may  be  readily  stripped  for  the  mint.  It  does  not  even  need  to  be 
melted  down. 

There  are,  however,  four  objections  to  such  electrodes:  (1)  Sheet 
electrodes  do  not  offer  sufficient  surface  to  permit  of  rapid  precipita- 
tion from  dilute  solutions.  See  the  comparison  of  results  in  using 
sheet-iron  and  iron  wire-cloth  cathodes  (p.  110).  (2)  Graphite  and 
carbon  in  other  ordinary  forms  are  brittle,  and  electrodes  of  these 
materials  are  easily  broken  if  much  handled.  (3)  On  account  of  the 
friable  character  of  the  material  it  is  not  possible  to  design  a  com- 
pact deposition  box,  as  the  cathode  sheets  must  be  at  least  one- fourth 
to  three-eighths  inch  or  more  thick,  whereas  with  wire  cloth  five  times 
the  precipitating  surface  may  be  provided  in  the  same  space.  (4) 
The  electrodes  are  costly.  However,  notwithstanding  all  these  draw- 
backs it  must  be  said  that  such  electrodes  furnish  a  physically  work- 
able solution  of  the  difficulty. 

*  Coirper-Coles.  Sherard.  Some  notes  on  the  recovery  of  gold  from  cyanide  solutions : 
^nns.  Inst  Mln.  and  Met.,  vol.  e»  1897>8»  p.  219. 
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SHEITT  IRON. 

Gold  comes  down  very  well  on  a  surface  of  sheet  iron;  but,  as 
already  pointed  out,  the  defect  of  plane  sheets  is  the  lack  of  sufficient 
precipitating  surface.  I  have  not  found  it  necessary  to  scale  the  sheet 
iron  by  pickling;  the  electrolytic  current  soon  precipitates  enough 
gold  and  silver  to  cover  the  magnetic  oxide  scale,  and  in  time  the 
action  even  will  cure  rusted  surfaces.  It  is,  of  course,  an  added  ex- 
pense to  subject  electrodes  to  pickling,  and  the  cost  of  this  would  be 
considerable.  The  method  of  pickling  suggested  by  Julian  and 
Smart*  is  as  follows: 

We  have  also  used  iron  with  success  (as  cathodes),  and  we  find  that  in 
order  to  get  the  best  results  all  the  oxides  should  be  removed  from  its  surface. 
This  we  have  done  by  Immersing  the  plates  In  the  following  mixture :  100  parts 
of  water,  10  sulphuric  in  which  1.5  of  zinc  is  dissolved,  and  then  adding  10  of 
nitric  acid.  If  then  washed  in  an  abundance  of  water  and  kept  in  an  alkaline 
solution  they  remain  nearly  as  bright  as  silver.  In  this  state  they  receive  a 
perfectly  uniform  deposit  Lead  can  not  be  used  to  remove  the  deposit,  as 
this  Injures  the  iron  surface  for  reuse,  but  if  placed  in  narrow  iron  boxes  con- 
taining 2  to  5  per  cent  KCy  solution  and  connected  with  Daniell  cells  In  par- 
allel to  form  the  anode,  while  the  box  is  the  cathode,  the  gold  and  silver  rapidly 
dissolve  off  without  repreclpltating,  leaving  the  plate  perfectly  bright  and  clean 
and  ready  to  go  back  Into  the  precipitating  box. 

The  solution  is  then  evaporated  to  dryness  and  melted  to  get  the 
gold. 

This  method  would  be  more  expensive  than  ordinary  pickling,  but 
I  can  testify  that  it  gives  good  results.  The  plates  remain  bright  in 
alkaline  solutions  almost  indefinitely.  Even  when  used  as  anodes, 
.with  a  voltage  below  1,  such  plates  stand  up  fairly  well,  but  at  higher 
voltages  they  oxidize  as  badly  as  ordinary  iron.  The  metal  can 
hardly  be  said  to  be  "  passive  "  when  it  acts  as  a  cathode.  It  is  pos- 
sible that  a  film  of  zinc  forms  on  its  surface,  although  this  seems 
improbable  in  the  presence  of  nitric  and  sulphuric  acids,  or  the  film 
may  be  nitride  of  iron.  At  any  rate  the  surface  seems  to  be  more 
permanent  than  "pickled"  iron  surfaces  usually  are. 

As  I  have  already  pointed  out,  the  intermittent  nature  of  the  ex- 
periments introduces  a  difficulty  that  would  not  occur  to  the  same 
extent  in  continuous  operation.  At  the  end  of  a  run  the  iron  wire- 
cloth  cathodes  with  gold  or  silx^er  deposited  on  them  had  to  be  re- 
moved from  the  cyanide  solution.  It  was  not  feasible  to  dry  them 
by  artificial  heat,  because  the  uneven  expansion  of  the  metals  might 
cause  scaling.  If  allowed  to  dry  in  the  air  at  room  temperatures 
the  dampness  of  the  wires  soon  caused  local  action,  gold  and  silver 
were  attacked  slightly  and  dissolved  in  the  cyanide  solution  with 
which  the  wires  were  wet,  and  after  the  cyanide  was  exhausted  the 

•  Julian,  H.  F.,  and  Smart,  Edgar,  Cyanlding  gold  and  silyer  ores,  1004,  p.  140. 
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iron  began  to  rust  by  local  action  under  the  coating.  This  trouble 
appeared  when  the  cathodes  were  again  returned  to  the  deposition 
box,  and,  as  has  been  seen,  during  the  first  hour  or  more  the 
gold  and  silver  dissolved  in  spite  of  the  current  Not  until  the  rust 
had  been  reduced  was  the  gold  again  precipitated.  In  continuous 
work  the  cathodes  would  remain  in  the  deposition  box  till  they  were 
to  go  into  the  stripping  box,  and  when  stripped  they  would  go  back 
into  the  deposition  box.  The  difficulty  would  not  then  appear  to 
the  same  extent.  However,  it  was  highly  desirable  to  cure  the  evil 
altogether. 

Many  devices  were  resorted  to.  Among  others  the  cathodes  were 
immersed  in  gasoline  or  refined  petroleum  as  soon  as  removed  from 
the  deposition  box.  As  these  liquids  contained  no  oxygen,  it  was 
hoped  to  preserve  the  cathodes  from  rusting.  They  have  such  an 
effect,  except  at  some  points  where  occluded  oxygenated  water  re- 
mained and  acted.  But  a  worse  evil  arose.  The  gasoline,  like  all 
petroleum  products  commercially  applicable,  contained  so  much 
dissolved  heavy  hydrocarbon  that  when  the  cathodes  were  removed 
for  use  an  insulating  residue  was  left  on  the  entire  surface,  rendering 
them  almost  nonconductors.  It  is  possible  that  the  cathodes  might 
have  been  preserved  if  they  had  been  dried  in  vacuum  and  kept  in 
a  vacuum.    But  this  did  not  appear  to  be  practicable. 

Heating  the  iron- wire  gauze  to  redness  in  an  atmosphere  of  am- 
monia gas  was  tried.  Hydrogen  was  set  free  and  nitride  of  iron 
of  a  diver-gray  color  formed,  and  the  cathodes  no  longer  rusted  in 
any  ordinary  atmosphere.  A  piece  of  such  gauze  so  treated  has 
been  exposed  10  years  to  the  atmosphere  of  the  laboratory  without 
perceptible  change.  But  the  treatment  had  made  the  wire  brittle 
as  a  pipestem,  and  when  used  as  an  anode  under  a  strong  current  it 
failed  as  before.  Possibly  such  a  treatment  might  be  used  if  it  were 
not  pushed  too  far,  but  the  extreme  brittleness  resulting  led  me  to 
drop  the  method. 

PLATINUM. 

Cathodes  of  platinum-wire  gauze  of  16  meshes  to  the  linear  inch, 
of  0.5-mm.  wire,  united  like  those  of  iron-wire  cloth  into  "  bunches 
of  five,"  would  be  satisfactory  as  regards  both  rapid  precipitation 
and  perfect  stripping.  Some  method  of  rapid  drying  would  still 
be  necessary  to  avoid  resolution  of  the  deposited  metal  in  inter- 
mittent use,  but  the  undercutting  by  rusting  would  have  been 
avoided.  However,  calculation  soon  showed  that  the  cost  of  such 
cathodes  was  prohibitory,  and  I  was  forced  to  ccMnpromise.  I  or- 
dered some  wire-cloth  cathodes  of  16  mesh  (linear)  to  be  made  by 
Heieaus  in  Germany.  The  metal  used  was  platinum  with  10  per 
cent  iridium,  but  the  wires  were  only  0.1  mm.  in  diameter  and  the 
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conducting  wires  welded  to  the  edge  of  the  cloth  were  0*5  mm.  thick. 
The  cathodes  were  made  11  by  11  cm.  in  size,  with  an  ebonite  frame 
at  the  edges  to  give  the  required  stiffness.  The  section  exposed  to  the 
solution  was  10  by  10  cm.  The  88  electrodes  cost,  at  the  price  thien 
prevailing,  in  1902,  nearly  $250.  Seventy- two  of  these  anodes  and 
cathodes,  with  insulators,  could  be  compacted  into  an  8-inch  length 
of  box  witii  an  effective  section  4  by  4  inches,  or  into  128  cubic  inches, 
or  0.074  cubic  foot.  That  would  have  made  a  total  cost  for  electrodes 
of  $2,900  a  cubic  foot.  At  the  rate  of  even  1,000  cubic  feet  of  solu- 
tion treated  a  day  in  such  a  box,  or  31  tons  a  day,  or  11,315  tons 
a  year,  the  interest  on  the  cost  of  the  platinimi  would  be  $145  a 
year,  or  $0.0128  per  ton  of  solution  precipitated.  At  the  present 
prices  of  platinum  this  item  would  be  far  greater.  The  cost  alone 
would  be  excessive;  but  the  platinum  cathodes  at  the  start  had 
only  one-fifth  the  precipitating  surface  of  the  iron  ones,  and  the 
precipitation  was  at  only  about  half  the  rate  at  best.  As  they  be- 
came coated  with  gold  and  silver,  however,  the  area  would  increase, 
and  the  precipitating  rate  would  increase  correspondingly  until  the 
gauze  would  be  choked  with  deposited  metal. 

The  use  of  iron-wire  gauze  electroplated  with  platinum,  or  com- 
posite wires  with  an  iron  core  and  a  platinum  face  drawn  down 
through  draw  plates,  might  be  feasible.  But  I  had  doubt  as  to 
whether  a  layer  of  platinum  as  thin  as  it  would  be  economical  to  em- 
ploy would  be  impervious  to  the  OH  ions.  If  the  platinum  were 
not  impervious,  the  electrode  would  soon  be  destroyed.  The  ends  of 
the  composite  drawn  wires  would  also  be  a  weak  point  for  attack. 

The  most  favorable  ratio  between  wire  diameter  and  distance  be- 
tween wires  to  give  maximum  depositing  area  with  minimum  resist- 
ance to  flow  of  solution  ih  when  the  diameter  of  the  wire  is  one-third 
the  distance  between  the  wires,  center  to  center,  as  can  easily  be  shown 
mathematically.  If  this  ratio  is  maintained,  the  total  wire  surface 
(warp  and  woof  together)  is  a  little  more  than  that  of  both  sides  of 
a  solid  sheet  of  metal.  Diameters  of  wire  between  0.5  and  1  mm. 
give  the  best  results. 

IRON-WIBE  CLOTH. 

The  many  advantages  of  iron-wire  cloth  cathodes,  such  as  the  large 
precipitating  area,  the  den^e  current  that  they  will  endure,  their  great 
permeability,  and  the  compactness  of  design  which  they  lead  to,  have 
made  me  very  reluctant  to  abandon  them.  As  before  explained,  the 
oxidation  by  "  local  action  "  between  experiments  followed  by  subse- 
quent rusting  and  resolution  would  not  occur  in  continuous  use.  Very 
little  oxidation  occurs  in  the  stripping  box  if  the  stripping  current 
is  kept  below  1  volt.    In  order  to  prevent  leaving  the  electrodes  too 
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long  in  the  stripping  box,  which  would  be  wasteful  of  current  and 
would  be  attended  with  other  bad  effects  as  is  claimed  by  IJslar,<> 
they  coold  be  suspended  in  the  box  by  using  a  device  like  Boseleur's 
plating  balance  described  by  McMillan.^  This  could  be  made  to 
break  the  stripping  circuit  automatically  and  sound  an  alarm  if 
thought  necessary.  Anodes  of  carbon  or  of  melted  magnetite  could 
be  used  when  desired  to  recover  the  dissolved  gold  in  sheets  at  a 
slightly  higher  voltage  from  the  clean-up  solution.  As  the  stripped 
cathode  that  has  served  as  the  anode  of  the  clean-up  box  would  be 
wet  with  a  rich  solution,  and  would  have  suffered  an  incipient  oxida- 
tion, it  would  be  inserted  first  as  cathode  for  a  few  minutes  in  the 
so-caUed  "hospital  cell."  This  cell  would  contain  1  or  2  per  cent 
caustic  potash  or  soda,  and  with  4  or  5  volts  a  strong  current  giving 
a  violent  evolution  of  hydrogen  would  soon  bring  back  any  oxidized 
spots  into  such  a  state  that  they  would  be  at  once  effective  when  again 
inserted  in  the  deposition  box. 

When  iron-wire  doth  cathodes  have  become  badly  rusted  they 
are  easily  brought  into  normal  condition  by  heating  in  a  closed 
inm  box  to  about  400°  C.  (below  red  heat)  in  an  atmosphere  of 
hydrogen,  carbon  monoxide,  or  vapors  of  gasoline.  Care  must,  of 
course,  be  taken  to  displace  the  air  from  such  receptacle  by  the 
reducing  vapor  before  applying  the  heat.  The  excess  vapor  used 
for  the  reduction  would  be  burned,  outside  the  box,  in  a  suitable 
burner  to  furnish  the  heat  necessary  for  the  reaction.  The  cathodes, 
when  badly  rusted,  may  be  brought  back  to  duty  by  immersing 
them  in  powdered  charcoal  and  heating  them  to  a  temperature  be- 
low redness.    Care  should  be  taken  not  to  overheat  and  melt  them. 

\    FERVIOVQ  CATHODES  OF  BROKEN  COKE,  CARBON,  OR  GRAPHrTE. 

In  order  to  escape  the  difficulties  with  the  iron- wire  cloth  cathodes 
I  have  tried  also  pervious  cathodes  composed  of  ^-inch  fragments 
of  hard  coke,  as  well  as  retort  carbon  and  graphite.  Cathodes  of 
these  materials  were  formed  by  placing  the  material  in  boxes  having 
cheesecloth  sides,  so  that  the  solution  could  flow  through  the  mass. 
On  April  5,  1904,  I  was  granted  United  States  patent  No.  766328 
for  a  process  of  recovery  of  gold  and  silver  from  cyanide  solutions 
along  these  lines.  Figures  80  and  31  taken  from  the  patent  speci- 
fications will  serve  to  illustrate  the  devices  used. 

The  general  process  is  shown  in  diagram  1,  figure  30.  J?  is  the 
storage  tank  for  the  solution;  A,  the  deposition  box  or  electrochem- 
ical cell.    The  figures  shows  the  anodes  d  (marked  4-)   &i^d  the 

'Von  Uilar,  Mamiel,  and  Brlwdn,  Qeorg,  Cyanld-Prosesse  sor  Goldgewlnnung :  Mono- 
gniph.  angew.  Elektrochemle,  HaUe,  Germany,  1903.  100  pp. 
^McMillan,  W.  O..  Treatise  on  electro-metallurgy,  3d  ed..  1010,  p.  101. 

55372'— Bull.  150—19 8 
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cathodes  e,  marked  with  a  minus  (— )  sign.  These  are  connected  in 
parallel  with  a  shunt-wound  or  separately  excited  dynamo  D,  pro- 
vided with  a  suitable  ammeter  F  and  a  voltmeter  C.    The  solution 


FIOUBC  80. — ApparatuB  for  recovery  of  gold  and  allver  from  craolde  boIqHod*. 


flows  through  the  deposition  box  A  from  the  tank  B  through  a  suit- 
able centrifugal  pump  F,  driven  by  a  motor  (?,  and  back  again 
through  pipe  g  to  the  tank,  and  so  on,  rapidly,  continuously,  and 
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repeatedly  and  in  such  a  manner  that  the  solution  is  brought  into 
intimate  contact  with  anodes  and  cathodes  in  rapid  alternation  until 


Pioou  ai.— Details  ot  electrodes  snd  of  detxraltloD  box.    Letterlns  Bimtlar  to  Ss-  30. 

liie  gold  and  silver  content  has  been  sufficiently  reduced,  when  the 
solution  is  discharged  and  a  new  lot  treated. 
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Diagram  1  of  figure  30  shows  also  the  common  form  of  deposition- 
box  A^  with  removable  cathodes  e*  The  solution  flows  in  a  zigzag 
course  through  the  box,  as  is  indicated  by  the  arrows ;  but  the  form 
of  deposition  box  or  electrochemical  cell  that  I  prefer  is  one  with 
pervious  electrodes,  as  shown  in  diagrams  2  and  8,  figure  SO.  In 
these  diagrams  the  box  is  designated  by  A^,  the  anodes,  d^^  are  marked 
with  the  plus  sign  (+).  The  anodes  are  made  of  any  electrocon- 
ducting  substance  not  too  much  acted  on  by  the  solution,  such  as  iron, 
lead,  peroxide  of  lead,  platinum,  or,  for  pressures  not  greatly  ex- 
ceeding 1.5  volts,  dense  carbon  or  graphite.  These  anodes  may  be 
constructed  of  wires,  rods,  gauze,  or  perforated  sheets  in  any  form 
or  manner  to  be  pervious  to  the  solution.  The  wire-gauze  d  is  best 
mounted  to  prevent  contact  with  the  cathodes,  in  a  parafined  wooden 
frame  d^  as  in  diagrams  4  and  5,  figure  80,  connected  electrically 
with  an  amalgamated  copper  wire  H^.  The  perforated  sheet-metal 
anodes  ^^  are  constructed  as  in  diagram  6,  figure  30.  The  graphite 
or  carbon  anodes  may  be  similarly  constructed  of  perforated  blocks; 
but  I  prefer  to  construct  them  of  the  densest  graphite  or  electrode- 
carbon  rods  (^1,  mo^nted,  as  in  diagrams  7,  8,  and  9,  figure  30,  in 
which  a  a  represent  parafined  wooden  frames,  inclosing  electrocon- 
ducting  strips  /,  which  are  connected  with  the  amalgamated  copper 
wire  -ffi.  The  electroconduoting  strips  make  electric  contact  with 
the  carbon  rods  placed  about  one-eighth  inch  apart.  At  /  short 
strips  of  rubber  hose  are  shown  which  prevent  contact  with  the 
cathodes. 

METHOD   OF  PBEPABINO  AND  TTSIITO  PEBTIOXTS  ELECTEODES. 

When  wire-cloth  cathodes  are  used  the  wire  cloth  is  cut  to  a  size 
to  fit  the  box,  and  the  sheets  e^  are  clamped  together,  as  in  diagrams 
1  and  2,  figure  31,  in  bunches  of  five  or  ten  sheets,  electrically  con- 
nected with  a  sheet-iron  strip  A,  to  which  is  riveted  an  amalgamated 
copper  wire  H^*  Before  the  sheets  of  wire  gauze  are  clamped 
together  they  should  be  preferably  heated  to  dull  redness  for  about 
one  minute  to  bum  the  oil  usually  left  oa  the  surface  by  the  manu- 
facturer and  to  coat  them  with  a  thin  coating  of  magnetic  oxide  of 
iron..  They  should  not  be  exposed  to  the  heat  too  long  or  a  thick 
scale  forms  that  easily  cracks  off. 

Instead  of  iron-wire  gauze  any  other  pervious  conducting  sub- 
stance may  be  used  as  a  cathode,  such  as  metallic  filaments  or  cloth 
saturated  with  precipitated  silver,  gold,  or  other  metal,  thus  exposing 
a  large  surface.  A  metal  surface  of  this  kind  may  be  prepared  by 
inserting  a  sheet  of  metallic  wire  cloth  (of  iron,  for  instance)  as  a 
basis  for  a  cathode,  into  a  suitable  electrochemical  cell  provided 
with  pervious  anodes.    Through  this  cell  is  circulated  a  strong  solu- 
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tion  of  gold,  silver,  copper,  lead,  or  other  electronegative  metal,  dur- 
ing the  passage  of  a  dense  electric  current,  to  precipitate  such  metal 
on  the  surface  of  the  wire  cloth  in  a  pervious  or  spongy  layer.  This 
forms  an  electrolytic  filter  of  enormous  cathode  area  in  a  small 
compass.  The  anodes  and  cathodes  thus  formed  may  be  arranged 
as  shown  in  diagram  2,  figure  30,  or  they  may  be  arranged  horizon- 
tally one  above  the  other  and  the  dilute  cyanide  solutions  from  which 
Uie  gold  and  silver  are  to  be  removed  may  be  forced  to  circulate 
rapidly  through  such  pervious  anodes  and  cathodes. 

Also,  for  the  purpose  described,  granulated  metal,  pulverized  coke, 
or  electrocarbon  dust  e^j  properly  sized,  may  be  placed  in  a  wooden 
framework  ^2?  covered  with  eheesecloth  64,  and  electrically  connected 
by  an  iron  wire  ending  in  an  amalgamated  copper  wire  i?,,  as  shown 
in  elevation  in  diagram  8,  figure  81,  and  in  cross  section  in  diagram 
4,  figure  31.  The  electrodes  are  separated  one-half  to  one-^fourth 
inch  to  prevent  short-circuiting.  In  diagrams  2  and  3,  figure  80,  is 
shown  the  arrangement  of  such  a  deposition  box  with  pervious 
anodes  and  removable  pervious  cathodes.  Electric  connections  in 
parallel  are  made  with  the  anodes  and  cathodes,  as  shown  in  the  sec- 
tional view  3,  figure  30,  by  the  box  &,  connected  with  the  negative 
pole,  and  by  the  box  c,  connected  with  the  positive  pole  of  the 
dynamo.  The  wooden  boxes  h  and  c  contain  omnibus  bars  of  amal- 
gamated copper  and  connecting  holes  filled  with  mercury,  into  which 
dip  the  wires  J?^  from  the  anodes  and  the  wires  H^  from  the 
cathodes. 

The  box  A^,  sbown  in  diagrams  2  and  3,  figure  30,  is  placed  in 
the  position  shown  for  box  A  in  diagram  1,  figure  80,  being  substi- 
tuted for  that  box,  and  the  solution  is  forced  to  circulate  repeatedly 
from  tank  B  through  the  box  Aj^  and  through  the  pervious  anodes 
and  cathodes,  and  back  again,  so  as  to  be  brought  into  intimate  con- 
tact with  anodes  and  cathodes  in  rapid  alternation  until  its  gold  and 
silver  content  is  sujficiently  reduced.  When  the  voltage  is  kept  con- 
stant at  any  point  (at  two  volts,  for  instance)  the  completion  of  the 
treatment  is  indicated  by  the  number  of  amperes  of  the  electric 
current.  The  number  is  high  at  first,  but  suddenly  drops  and  becomes 
constant  when  the  gold  and  silver  content  of  the  solution  is  exhausted. 
Since  the  fall  of  electric  current  could  be  caused  by  an  accidental 
increase  of  resistance,  it  is  necessary  always  to  assay  the  solution 
before  discharging  the  lot  under  treatment. 

I  prefer  to  concentrate  the  gold  and  silver  thus  deposited  on  re- 
movable cathodes  in  the  manner  shown  in  my  former  patent.  No. 
643096,  February  6, 1900.  However,  I  have  been  able  to  increase  the 
precipitating  capacity  of  the  deposition  box  by  the  new  method  de- 
scribed here  to  far  exceed  the  capacity  of  the  clean-up  box  there 
shown.    I  have  also  been  able  to  apply  the  same  principle  of  rapid 
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circulation  to  that  box,  and  thus  to  increase  its  capacity.  Diagram  5, 
figure  31,  shows  how  this  is  effected.  A  centrifugal  or  other  pump  F^^ 
forces  the  cyanide  solution,  which  should  be  as  free  as  possible  from 
chlorides  and  sulphates,  to  circulate  rapidly  through  the  clean-up 
box  «/,  preferably,  though  not  necessarily,  at  such  a  rate  as  to  pre- 
vent the  evolution  of  gas  at  the  cathodes.  These  consist,  preferably, 
of  sheets  of  iron  e^^  marked  with  a  minus  ( — )  sign  in  the  figure  and 
arranged,  as  shown,  to  force  the  solution  to  pass  alternately  up  and 
down  through  the  box  and  at  the  same  time  through  the  pervious  sec- 
ondary anodes  d,,  marked  with  a  plus  (+)  sign.  These  sec- 
ondary anodes  are  the  gold  and  silver  laden  primary  cathodes 
^1,  from  the  deposition  box,  shown  in  diagrams  2  and  3,  figure 
30.  Although  pervious  cathodes  ^^  to  collect  the  silver  and 
gold  in  the  deposition  box  are  preferable,  impervious  cathodes, 
e,  shown  in  diagram  1,  figure  30,  can  be  used.  The  gold  and 
.silver  content  is  then  concentrated  on  the  secondary  cathodes  in  a 
similar  manner.  The  secondary  cathodes  e^,  of  sheet  iron  or  other 
metal,  marked  minus  (— )  are,  before  being  inserted  in  the  clean-up, 
box,  coated  with  a  very  thin  layer  of  electroplater's  graphite  and  vase- 
line. With  an  electromotive  force  of  about  one-half  volt,  the  gold 
and  silver  are  rapidly  removed  from  the  removable  secondary  anodes 
rfg  (primary  cathodes  e^  in  the  deposition  box)  and  deposited  on  the 
secondary  cathodes  ^g,  as  solid  sheets.  These  sheets  may  be  pulled  off 
at  convenient  intervals  and  are  ready  for  the  mint  without  further 
treatment.  I  have  thus  produced  solid  sheets  of  bullion  one-eighth 
of  an  inch  thick  and  996  fine.  If  an  extremelv  densfe  electric  current 
is  used  in  the  clean-up  box,  the  gold  and  silver  will  be  deposited  on 
the  secondary  cathodes  in  the  form  of  a  loose  powder,  which  is  easily 
removed  with  a  stiff  brush  and  can  be  melted  down  into  bars.  The 
rapid  circulation  of  the  solution  permits  the  concentration  of  the 
metal  with  a  dense  current,  and  greater  rapidity  is  insured  in  a  small 
box. 

Also,  it  is  evident  that,  instead  of  having  two  separate  boxes — a 
deposition  box  and  a  clean-up  box — the  same  result  may  be  obtained 
with  a  deposition  box  that  serves  both  purposes  in  alternation.  This 
is  particularly  the  case  when  pervious  cathodes  of  broken  carbon  or 
graphite  are  used,  for  these  are  bulky  and  inconvenient  to  remove  to 
a  clean-up  box.  Instead  of  doing  this,  when  the  cathodes  become 
sufficiently  charged  with  gold  and  silver  in  the  deposition  box  after 
the  circulation  of  a  large  volume  of  cyanide  and  ore  solution,  the 
circulation  from  the  storage  tank  is  cut  off.  Then  the  same  or  a 
fresh  cyanide  solution  is  made  to  circulate  rapidly  and  repeatedly 
through  the  box  (see  diagram  2,  fig.  30)  by  means  of  a  pump,  as  in 
diagram  5,  figure  31,  except  that  now  the  primary  cathodes  of  dia- 
gram 2,  figure  30,  marked  minus  (— ),  are  connected  with  the  plus 
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(-|-)  pole  of  the  dynamo,  to  become  secondary  anodes,  \^hile  the 
oiiginal  anodes  (diagram  2,  fig.  30),  marked  plus  (+))  ^^^  replaced 
by  secondary  cathodes  of  sheet  iron  which  have  been  previously  coated 
with  a  mixture  of  graphite  and  vaseline.  The  secondary  cathodes  on 
being  connected  with  the  negative  (— )  pole  of  the  dynamo  become 
coated  with  the  gold  in  a  concentrated  form,  which  had  been  pre- 
viously distributed  on  a  very  large  primary  cathode  area.  The  sec- 
ondary cathodes  may  be  of  the  form  of  those  marked  minus  (— )  in 
diagram  5,  figure  31,  or  they  may  be  as  shown  in  diagram  6,  figure  30, 
or  they  may  be  of  separate  strips  of  iron  or  other  conducting  material,  • 
arranged  like  the  slats  of  a  window  blind,  so  as  to  be  pervious  to  the 
solution.  It  is  preferable  to  circulate  the  solution  at  such  speed  that 
evolution  of  hydrogen  gas  is  practically  avoided  at  the  cathode;  if, 
owing  to  the  density  of  the  electric  current  used,  this  is  not  possible 
the  velocity  should  not  be  less  than  1  foot  per  minute.  When  the 
gold  content  of  the  original  cathodes,  now  secondary  anodes,  has 
been  recovered,  the  secondary  cathodes,  now  laden  with  concentrated 
gold,  are  removed,  the  original  anodes  are  replaced,  the  electric  con- 
nections changed  to  the  original  condition,  and  the  stock  solution 
turned  again  through  the  tank,  which  now  serves  as  a  deposition  box, 
as  shown  in  diagrams  1  and  2,  figure  30. 

The  same  principle  of  rapid  circulation  and  repeated  treatment 
in  rapid  alternation  of  a  large  volume  of  solution  in  a  small  deposi- 
tion box  containing  pervious  electrodes  may  also  be  applied  to  the 
electrochemical  recovery  of  gold  and  silver  from  cyanide  solutions 
without  the  use  of  a  dynamo  or  external  source  of  electricity,  the 
electric  energy  being  furnished  by  such  an  electropositive  metal,  as 
zmc,  in  the  form  of  fine  granules,  shavings,  or  dust.  This  system  is 
^own  in  diagram  6,  figure  31.  The  figure  shows  at  5,  the  large 
storage  tank  containing  the  solution  to  be  treated,  a  centrifugal  or 
other  pump  F^,  and  a  vessel  M^  containing  zinc  in  the  form  of  shav- 
ings or  other  form,  exposing  a  large  surface^  The  zinc  rests  on  a 
filter  L.  A  filter  L^  may  be  used  at  the  top  of  the  box  to  avoid  the 
loss  of  fine  particles,  if  desired.  K^  K^^  and  K^  represent  valves  to 
control  the  flow.  The  solution  is  forced  to  circulate  from  the  tank  B 
through  the. zinc  and  back  again  repeatedly  (preferably,  though 
not  necessarily)  at  such  a  rate  as  to  substantially  prevent  the  evolu- 
tion of  hydrogen.  The  gold  and  silver  are  rapidly  precipitated  by 
tbe  electrolytic  action  set  up  between  the  solution  and  the  zinc.  The 
zinc  particles  act  as  anodes  and  the  gold  and  silver  particles,  which 
ftre  at  once  deposited  in  a  porous  or  pervious  state  upon  the  zinc,  act 
as  cathodes.  The  zinc  anodes  covered  with  this  pervious  coating  of 
gold  and  silver  form  a  combination  of  pervious  anodes  and  cathodes, 
and  when  the  solution  is  forced  to  circulate  rapidly  and  repeatedly 
through  them  it  is  brought  into  intimate  contact  with  anodes  and 
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cathodes  in  rapid  alternation.  Although  the  electromotive  force  of 
the  combination  is  small,  the  current  is  short-circuited,  and  the  re- 
sistance therefore  is  smaller  than  in  any  other  form  of  cell,  and 
hence  the  gold  and  silver  are  rapidly  precipitated.  In  this  type  of 
process  it  is  important  that  the  gold  and  silver  be  precipitated  on 
the  zinc  in  a  loosely  adherent  porous  film  in  order  that  the  zinc  and 
the  precipitated  metal  form  a  set  of  electrodes  pervious  to  the  sohi- 
tion.  In  some  instances  the  precious  metal  forms  a  solid  impervious 
film  on  the  surface  of  the  zinc.  When  this  happens,  precipitation 
ceases.  In  such  an  event  the  zinc,  before  use,  should  be  coated  by 
dipping  it  into  a  dilute  solution  of  nitrate  of  silver  or  acetate  of 
lead,  forming  a  pervious  film  of  silver  or  lead.  When  the  zinc  is 
sufficiently  fine  the  precaution  is  unnecessary. 

By  the  ordinary  zinc  process,  owing  to  local  action,  5  to  20  ounces 
of  zinc  are  required  to  precipitate  1  ounce  of  silver  or  gold,  but  with 
the  Christy  process  practically  complete  precipitation  of  1  ounce  of 
silver  with  0.57  ounce  zinc  has  been  effected,  and  results  nearly  as  good 
with  gold.  In  practice  the  use  of  about  2  ounces  of  zinc  to  1  of 
gold  and  silver  is  preferable,  but  even  then  the  use  of  the  process 
will  save  zinc  and  reduce  the  cost  of  refining  the  precipitate. 

By  the  application  of  the  same  principle  the  precipitate  can  be 
refined  without  the  use  of  acid  by  circulating  rapidly  and  repeatedly 
a  solution  of  cyanide,  nitrate,  or  sulphate  of  silver,  of  cyanide  or 
chloride  of  gold,  or  soluble  salt  of  copper,  through  the  precipitate. 
so  that  such  solution  may  come  into  contact,  in  rapid  alternation, 
with  the  residual  particles  of  zinc,  acting  as  pervious  anodes,  and  of 
deposited  gold  and  silver,  acting  as  pervious  cathodes,  until  the  resid- 
ual zinc  is  dissolved.  After  refining  the  precipitate  in  this  manner 
the  silver  or  gold,  left  in  the  refining  solution,  is  recovered  by  the 
use  of  fresh  zinc,  as  before. 

Most  of  my  work,  though  not  all,  was  done  with  pure  solutions, 
and  desiring  to  see  how  the  process  would  work  with  stock  solutions 
from  the  treatment  of  ores,  I  obtained  in  1905,  through  the  kindness 
of  Mr.  Charles  Rhodes,  manager  of  the  Waihi  mine.  New  Zfealand, 
and  of  Mr.  W.  W.  Mein,  general  manager  of  Robinson  mine,  Johan- 
nesberg,  an  opportunity  to  have  tests  made  at  the^  places. 

I  much  appreciate  the  trouble  the  experimenters  took  with  these 
tests,  but  none  of  the  experiments  were  carried  out  exactly  as  I 
directed.  In  some  tests  the  lack  of  facilities  at  hand  made  this  im- 
possible; in  others  the  ideas  of  the  experimenter  led  to  changes  in 
details  without  realization  of  the  detrimental  effect.  Most  serious 
of  all  was  the  failure  to  record  all  the  necessary  variables.  Thus 
the  causes  of  success  or  failure  in  many  of  the  experiments  can  not 
be  determined.  Circulation  by  means  of  the  pump,  which  should 
have  been  easily  controlled,  was  found  troublesome  and  results  in 
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som6  tosts  seem  to  indicate  that  the  boxes  did  not  get  the  proper 
treatment.  I  present  here  the  results  obtained  by  other  men  in  tests 
conducted  at  my  request  as  described. 

KEPEBIMENTS  AT  WAIHI  HIirE,  'SEW  ZEALAHD. 

The  experiments  at  Waihi  mine,  New  Zealand,  were  conducted  by 
Herbert  W.  Hopkins,  metallurgist,  Victoria  mill,  Waikino,  in  1905. 

The  solution  employed  for  these  tests  was  that  which  had  been 
used  in  treating  a  clean  gold  and  silver  bearing  quartz  ore  containing 
1  per  cent  pyrite.  The  solution  was  heavily  charged  with  lime  to 
settle  the  slimes.  The  box  used  was  3  feet  4  incheSi  by  1  foot  by  10 
inches.  The  electrodes  were  immersed  to  present  an  area  11  by  9 
inches,  which  later  was  increased  to  11  by  10  inches. 

EZPEBIXENTS   WITH  SXAT   OB  PLANE   ELECTBOBES. 

SERIES  A  TESTS. 

Both  the  29  anodes  and  the  28  cathodes  were  of  lead.  No  trouble 
is  mentioned  with  respect  to  the  anodes,  and  it  is  presumed  that  they 
were  peroxidized.  The  cathode  area  exposed  was  88.5  (later  42.8) 
square  feet  for  both  sides  and  all  electrodes  were  spaced  one-third 
inch  apart.  Allowing  one-eighth  inch  for  thickness  of  lead,  we  have 
1.66  cubic  feet  as  the  volume  of  box  actually  occupied  by  electrodes. 
The  capacity  which  I  claimed  such  a  box  should  possess  was  8.30 
cubic  feet  per  24  hours. 

Twelve  experiments  were  made  with  a  single  flow  through  the  box 
at  a  rate  varying  from  0.76  to  0.87  long  ton,  or  26.7  to  31  cubic  feet 
per  24  hours,  which  is  three  to  four  times  the  capacity  claimed  for 
such  a  box.  With  2.5  to  3  volts  and  3.5  to  3.8  amperes  and  an  average 
current  density  of  about  0.1  ampere  per  square  foot,  the  average  of 
12  experiments  was  a  recovery  of  82.3  per  cent  gold  and  31.2  per  cent 
silver,  with  a  reduction  in  cyanide  content  of  the  solution  from  0.142 
to  0.188  per  cent.  If  Jbhe  volume  treated  had  been  reduced  to  8.3 
cubic  feet  per  24  hours,  the  results  would,  undoubtedly  have  been 
much  the  same  as  I  have  obtained. 

SERIES  B  TESTS. 

Three  experiments  were  conducted  with  6.1  cubic  feet  of  solution 
passed  four  times  through  the  cell  in  3  hours,  which  would  be  at  the 
rate  of  48.8  cubic  feet  per  24  hours.  With  2.5  to  3.5  volts  and  3.5  to 
10  amperes  no  gold  was  obtained.  The  current  density  here  was  0.26 
ampere  per  square  foot,  or  nearly  the  same  density  as  that  used  by 
Mr.  Butters  to  deposit  metal  as  a  slime,  and  the  rate  of  passage  of 
the  solution  was  about  5.88  times  that  which  I  have  desired.    The 
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velocity  of  flow  of  solution  through  the  narrow  slit  between  the 
plates,  i  by  11  inches,  would  have  to  be  more  than  5  feet  per  minute 
to  give  this  flow,  hence  it  was  to  be  expected  that  the  loose  slimy 
deposit  would  be  stripped  from  the  flat  plates  by  the  excessive  flow. 

SEBIES  G  TESTS. 

In  this  test  the  rate  of  flow  was  0.92  long  ton  or  32.15  cubic  feet 
per  24  hours,  nearly  four  times  the  desirable  capacity  of  the  box.  At 
4  volts  and  10  amperes  and  with  a  density  of  current  amounting  to 
0.26  ampere  per  square  foot  the  recovery  of  gold  was  61.7  per  cent 
and  of  silver  59.8  per  cent,  with  no  loss  in  cyanide.  Considering 
that  this  is  nearly  four  times  the  desirable  capacity  of  the  box,  the 
results  are  not  b«d.  The  current  density  was  sufficient  to  deposit 
slime  on  the  flat  electrodes,  but  the  circulation  was  not  sufficiently 
violent  to  wash  it  all  off.  Another  experiment,  at  the  rate  of  0.9 
long  ton  per  24  hours,  gave  60.7  per  cent  recovery  of  gold  and  5&.8 
per  cent  of  sQver. 

In  all  the  above  experiments  with  flat  electrodes  the  volume  of 
solution  was  three  to  seven  times  greater  than  the  capacity  which  I 
should  have  desired.  As  the  duration  of  the  tests  is  not  mentioned 
the  ampere-hour  efficiency  can  not  be  calculated. 

EXPEBIMENTS   WITH  PEBVIOXTS  WIBE-CLOTH   CATHODES. 

The  solutions  employed  in  the  tests  with  pervious  cathodes  con- 
tained 7  to  25  pennyweights  of  gold  per  long  ton,  1  to  3  ounces  of 
silver,  and  0.14  to  0.22  per  cent  potassium  cyanide.  The  28  cathodes 
and  29  anodes  were  spaced  one-half  inch.  Each  cathode  was  a  single 
piece  of  16-mesh  iron-wire  cloth,  the  total  area  being  about  34  square 
feet.  The  anodes  were  of  sheet  lead  resting  on  the  bottom  of  the  box 
and  perforated  by  80  one-half  inch  holes.  These  should  have  been 
five  or  ten  times  as  numerous. 

For  the  test  a  measured  quantity  of  solution  was  placed  in  a  barrel 
at  the  head  of  the  deposition  box,  also  filled  with  the  solution.  The 
current  was  allowed  to  run  from  the  barrel  through  the  box  to  a 
second  barrel  which  received  the  tailing.  At  the  end  of  the  test  the 
content  of  this  tailing  barrel  was  transferred  to  the  head  barrel. 
Later,  after  experiment  25,  two  head  and  two  tailing  barrels  were 
used,  to  make  sure  that  every  part  of  the  solution  received  its  proper 
treatment. 

Three  interesting  experiments,  which  will  be  here  designated  A, 
B,  and  C,  were  made  to  determine  the  effect  of  a  stoppage  of  the 
dynamo.    The  conditions  of  test  and  results  were  as  follows: 

A.  Solution  standing  In  cell;  dynamo  stopped;  brushes  down;  circuit  not 
broken.     Sample  taken  when  dynamo  stopped :  Gold  content,  5  pennyweight  5 
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;nins;  silver,  14  pennyweight  21  grains.     Sample  taken  after  standing  16 
k>ars:  Gold  content,  6  pennyweight;  silver,  16  pennyweight  5  grains. 

B.  Solution  standing  in  cell ;  dynamo  stopped ;  circuit  broken.  Sample  taken 
when  dynamo  stopped:  Gold,  15  pennyweight  12  grains;  silver,  2  ounces  2 
pomywei^t  9  grains.  Sample  taken  after  standing  20  honrs:  Gold,  16 
[ieDnywei^t  11  grains ;  silver,  2  onnces  6  pennyweight  20  grains. 

C.  Solation  standing  in  cell ;  dynamo  stopped ;  circuit  broken.  Sample  when 
dynamo  stopped:  Gold,  5  pennyweight  23  grains;  sliver,  9  pennyweight  11 
prains.  After  standing  IJ  hours:  Gold,  5  pennyweight  21  grains;  silver,  10 
peoofweight  18  grains. 

The  longest  stoppage  that  occurred  during  which  the  circuit  was 
broken  was  one  hour. 

Allowing  one-eighth  inch  for  the  thickness  of  the  electrodes,  which 
were  one-half  inch  apart,  the  electrodes  occupied  2,200  cubic  inches, 
or  1.25  cubic  feet.  Thus  the  box  was  much  less  compact  than  those 
^hich  I  have  used  with  wire-cloth  electrodes,  in  which  the  current 
gip  was  never  more  than  one- fourth  and  often  less  than  one-eighth 
inch,  and  in  which  I  never  found  indications  of  short  circuits. 

DISCUSSION  OF  RESULTS. 

It  will  be  observed  that  the  best  results  of  the  experiments  between 
X(8.  21  and  28  were  obtained  with  rich  solutions,  test  24  giving  the 
best  results  of  all.  The  experiments  ran  too  short  a  time,  probably 
bwause  the  handling  of  the  barrels  was  too  onerous.  The  cen- 
trifugal pump  would  have  removed  that  difficulty.  If  the  cathodes 
were  intermittently  used,  rusting  and  subsequent  stripping  must 
have  taken  place  and  lowered  the  results  during  the  short  time  of  the 
tfet. 

In  experiment  36  the  wire  cloth  was  8-mesh.  Only  three  sheets 
were  placed  between  each  cathode ;  hence  adequate  depositing  sur- 
face was  not  provided.  Though  most  of  the  solution  passed  beneath 
the  cathodes,  some  must  have  passed  through.  The  cathodes  had 
evidently  rusted  with  some  gold  and  silver  upon  them  from  a  pre- 
vious experiment.  This  corresponds  with  my  own  experience. 
"Hien  when  the  cathodes  were  used  in  experiment  36  the  gold  and 
silver  immediately  redissolved  where  the  cathode  had  rusted,  and 
^til  the  rust  was  removed  the  current  was  wasted  in  reducing  the 
iron  oxide.  The  silver,  being  easier  to  reduce,  came  down  first. 
Experiments  37  and  38  seem  to  show  that  the  cathodes  were  in  better 
condition;  and  though  the  current  density  is  still  high,  the  ampere- 
biir  efficiency  is  fair.  If  these  experiments  had  been  conducted 
^ctly  as  directed,  the  results  obtained  would  have  been  better. 
Foul  mill  solutions  are  harder  to  treat  than  clean  solutions.  I  have 
successfully  treated  many  such  solutions,  as  well  as  similar  solutions 
saturated  with  lime.  The  solutions  at  the  Waihi  mine  contained, 
among  other  substances,  selenium,  probably  as  selenate  of  sodium, 
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which  is  usually  recovered  with  the  gold  and  silver  in  the  zinc 
clean-up.  The  real  difficulty  in  the  last  experiments  was  doubtless 
the  rusting  of  cathodes,  through  intermittent  use.  One  of  the 
cathode  plates  sent  me,  Uiough  carefully  packed,  was  covered  with 
rust 

EXFEBIMENTS  AT  TBAHSVAAL  OOLD  HINDrO  ESTATES. 

Some  experiments  were  made  with  iron-wire  cloth  cathodes  at 
Transvaal  Gold  Mining  Estates,  Pilgrim's  Best,  South  Africa,  by 
A.  Scrymgeour  in  August,  1905.  The  description  given  here  is  con- 
densed from  a  report  presented  by  him  to  W.  W.  Mein.  The  pre- 
cipitation box  used  was  of  1  cubic  foot  capacity,  the  cross  section 
not  being  stated.  The  anodes  were  one-sixteenth  inch  iron  plates  with 
one- fourth  inch  holes.  The  cathodes  were  of  wire  gauze,  the  mesh, 
area,  and  construction  not  being  stated.  The  first  experiments  were 
made  with  working  solutions  containing  an  average  of  4  penny- 
weights gold  per  ton,  copper  as  a  double  cyanide,  and  0.016  per  cent 
and  0.0087  per  cent  cyanogen  and  protective  alkali.  A  long  series  of 
experiments  gave  an  average  precipitation  of  about  25  per  cent  of 
the  gold  after  a  half  hour's  contact. 

The  average  precipitation  of  our  ordinary  Siemens  and  Halske  box  is  75  per 
cent  for  four  hours'  contact  (eight  times  as  long),  so  that  the  Christy  method 
panned  out  appreciably  better,  but  against  that  there  is  the  fact  of  clean 
anodes  and  higher  amperage.  As  there  was,  however,  a  considerable  discrep- 
ancy between  these  results  and  Prof.  Christy's,  a  clean  solution  of  sodium 
aurocyanide  was  made  up  and  a  series  of  experiments  done  therewith. 

The  precipitation  was  most  exceptional — 75  to  80  per  cent  on  half  an  hour's 
contact.  With  clean  solutions  of  aurocyanide  the  iron  plates  were  scarcely 
attacked,  but  with  working  solutions  the  plates  became  extremely  foul  with 
iron  and  copper  cyanides  and  had  to  be  cleaned  up  every  week,  the  resultinjf 
''  blue  "  containing  7.0  ounces  to  the  ton,  which  is  extremely  high  for  so  short 
a  period. 

With  working  solutions  the  free  cyanide  was  consumed  to  the  extent  of  about 
25  per  cent 

The  very  high  rates  of  flow  (1  foot  a  minute)  mentioned  in  Prof.  Christy's 
paper  gave  practically  no  precipitation.  One  foot  in  four  minutes  seemed  most 
eifective  in  our  experimental  box. 

The  wire-gauze  cathode  gave  a  very  nice  and  clean  dq[X)sit. 

In  this  brief  report  some  details  are  missing.  The  section  of  the 
cathodes,  the  skin  area  of  their  surface,  the  current  density,  the 
current,  and  the  voltage,  are  not  stated ;  therefore  it  is  not  possible 
to  explain  the  low  result  obtained  at  the  rate  of  flow  of  1  foot  per 
minute.  With  the  foul  solutions  treated,  iron  anodes  should  not 
have  been  used,  but,  instead,  perforated  peroxidized  lead  anodes. 
The  presence  of  copper,  moreover,  introduces  difficulty  in  the  pre- 
cipitation of  the  gold  by  any  process,  as  will  be  considered  later. 
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EZPEBIDCENTS  WITH  PE&OXIDIZED   ANODES. 

These  experiments,  like  those  previously  described,  were  conducted 
ia  the  latter  part  of  the  year  1905  by  A,  Scrymgeour  on  copper  and 
gold  bearing  cyanide  solutions.  The  lead  plates  were  peroxidized 
in  pennanganate  of  potassium  solutions  and  were  one-fourth  inch 
thick,  with  five-eighth  inch  holes.  The  holes  were  too  large  and 
were  probably  too  few  in  nimiber.  The  results  were  better  than 
widi  iron  anodes. 

"The  cathode  gave,  upon  the  whole,  a  good  deposit,  but  a  slight 
furring  of  the  copper  was  noticed  at  the  higher  amperages."  The 
solutions  treated  contained  0.046  to  0.065  per  cent  copper,  0.004  to 
U.006  per  cent  alkali,  and  0.0064  to  0.013  per  cent  cyanide.  The  rate 
of  flow  varied  from  one-eighth  to  <me-third  of  a  foot  per  minute, 
and  the  current  was  0.014  to  0.033  ampere  per  square  foot  of  cathode 
sorface.  The  original  content  of  gold  was  1.05  to  2.2  pennyweights, 
which  after  one  hour  became  reduced  to  1.25  and  0.3  pennyweight, 
with  16  to  71  per  cent  recovery.  In  this  and  in  other  experiments 
there  were  evidences  of  cathodes  having  rusted  from  intermittent 
use. 

In  one  test  a  clean  solution  of  sodium  aurocyanide  was  treated, 
the  rate  of  flow  being  one-eighth  foot  per  minute  and  the  current 
0,0U  ampere  per  square  foot.  The  original  content  was  2.2  penny- 
weights, becoming  reduced  after  one-half  hour  to  0.40  pennyweight, 
and  after  one  hour  to  0.10  pennyweight,  showing  an*  extraction  of 
55  per  cent.  In  only  one  or  two  tests  was  there  any  evolution  of 
gas.  The  current  density  used  by  Siemens  and  Halske  is  given  as 
only  0.006  ampere  per  square  foot,  and  Scrymgeour,  judging  by 
that,  evidently  thought  it  best  not  to  push  the  current  density  too 
far.  The  deninty,  however,  was  not  sufficient  to  insure  a  good  pre- 
cipitation. The  best  results  were  obtained  with  the  higher  current 
densities. 

EZFEBIMEirrS  AT  BOODEFOBT  CENTBAI  DEEP,  1905. 

FIBST  GBOXTP  TESTS. 

In  1905  some  experiments  were  made  at  Boodeport  Central  Peep 
naines,  in  South  Africa,  by  Gabriel  Andreoli.  In  these  experiments, 
after  some  preliminary  work  with  low  current  densities,  similar  to 
those  usual  in  the  Siemens  &  Halske  process,  the  box  was  operated  at 
?^ch  a  density  as  "  to  just  allow  a  slight  evolution  of  gas  to  be  visible 
at  the  electrodes."    To  quote  further  from  Andreoli 's  report: 

The  results  of  this  experiment  being  in  my  opinion  very  encouraging,  It  will 
l^erhaps  be  interesting  if  I  give  full  details : 

Space  of  box  occupied  by  anodes  and  cathodes,  slightly  under  1.5  cubic  feet, 
say  90  pounds. 
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Flow  of  solution  through  box  maintained  during  the  experiment  at  4  pounds 
per  minute  (0.0642  cubic  feet  per  minute  or  a  velocity  through  box==0.77  inches 
per  minute)  =duty  64  times  capacity  of  box. 

Twelve  anodes  1  foot  square  of  A-lnch  sheet  iron  perforated  with  ^inch 
holes;  24  cathodes  in  pairs,  each  cathode  consisting  of  five  sheets  of  mill 
screening  clamped  and  connected  together,  ^-Inch  space  between  anodes  and 
cathodes.  Current  at  start  10  amperes,  slight  evolution  of  gas  apparent,  current 
subsequently  reduceil  in  stages  to  7  amperes,  maintaining  evolution  of  gas 
at  electrodes. 

KCy  and  alkalinity  tested  right  through  the  experiment,  and  practically  no 
alteration,  KCy  0.068  per  cent,  alkalinity  expressed  as  NaHO=0.0218  per  cent 

Value  of  solutions: 

Before  first  circulation,  8.04  pennyweights  per  ton. 

After  first  circulation  (drip  sample  at  foot  of  box)  1  pennyweight  per 
ton. 

Recovery,  87.5  per  cent.    Duty,  64:1. 

Before  second  circulation  3.66  pennyweights  per  ton. 

After  second  circulation  0.6  pennyweight  per  ton. 

Recovery,  81.4  per  cent.     Duty,  64:1. 

Total  recovery,  91.5  per  cent.    Duty,  32 :1. 

If  it  had  not  been  for  the  accident  of  mixing  the  1-pennywelght  solution  with 
some  of  the  original  solution  I  feel  certain  that  the  total  recovery  would  have 
shown  a  more  striking  figure. 

As  It  Is  I  consider  this  very  successful  as  compared  with  the  Siemens  & 
Halske  process  which  in  this  plant  gives  an  average  recovery  from  solutions  of 
only  70  per  cent  and  the  duty  compared  to  capacity  being  2.5  :L 

The  experiment,  however,  seems  to  contradict  Prof.  Christy's  claims  that  the 
process  is  economical  from  an  electrically  efficient  point  of  view.  I  may  later 
on  succeed  in  obtaining  good  precipitation  with  a  lower  current  density,  which 
was  In  this  experiment  extremely  high,  namely,  0.3  ampere  per  square  foot 
of  anode  surface.  Normal  Siemens  &  Halske  practice  here  1^  0.04  ampere  per 
square  foot  of  anode  surface. 

If  it  is  found  that  such  a  high  current  density  Is  necessary  for  successful 
precipitation  then  Insoluble  anodes  will  be  indispensable;  but  to  any  one  ac- 
customed to  the  so-called  Prussian  blue  produced  on  a  Siemens  &  Halske  plant, 
its  treatment  is  not  a  formidable  matter. 

In  the  three  ex];)erlments  the  gold  precipitated  on  the  cathodes  was  in  the 
form  of  a  bright  deposit  with  perhaps  the  exception  of  the  last  experiment, 
where  the  gold  on  the  lower  part  of  the  box  was  inclined  to  be  slimy,  but  this 
was  to  be  anticipated,  considering  the  high  current  density  used. 

In  regard  to  the  statement  that  the  electrical  efficiency  is  below 
that  which  I  have  found  it  to  be  in  my  own  experiments,  I  may  say 
that  my  own  experiments  are  perhaps  a  sufficient  answer  and  that 
no  data  were  given  to  justify  criticism.  The  voltage,  the  duration  of 
the  test,  the  quantity  of  solution  treated,  and  the  average  number  of 
amperes  are  not  given  by  which  the  results  might  have  been  calcu- 
lated. Moreover,  it  was  afterwards  found  that  the  tanks  used  were 
old  chlorination  tanks  already  saturated  with  gold,  which  introduced 
a  handicap  that  no  process  would  overcome. 


EXPERIMENTS  AT  ROODEPORT  CENTRAL  DEEP,   1905.  127 

SECOND  GBOITP  TESTS. 

The  foUowing  description  of  further  experiments  at  Roodeport, 
in  1905,  is  from  the  report  that  Andreoli  rendered  to  Mr.  W.  W. 
Mein: 

From  tbe  results  I  have  obtained  so  far  it  is  noticeable  that  I  have  only  had 
satisfiactory  results  on  the  occasions  when  a  heavy  current  density  has  been 
used,  and  the  production  of  by-products  due  to  the  use  of  iron  anodes  has  been 
considerable ;  and  on  the  lines  which  I  have  been  working  the  use  of  insoluble 
anodes  appears  imi)eratlve.  I  have  communicated  with  you.  and  a  set  of 
peroxide  of  lead  anodes  is  being  made. 

As  you  will  notice  from  the  results  obtained  in  experiment  6,  the  duty  of  the 
box  is  considerably  higher  than  anything  the  Siemens  &  Halske  process  has 
approached,  besides  being  much  more  ejfective,  but  the  competition  to  be  met 
from  the  Siemens  &  Halske  process  is  negligible ;  it  is  the  ordinary  zinc  precipi- 
tation which  has  to  be  met.  Here  again  experiment  6  gave  an  equal  precipita- 
tion result  at  a  higher  proportion  of  daily  flow  to  the  capacity  of  the  box 
than  even  the  zinc  process  and  with  the  expenditure  of  more  electrical  power. 
So  far  as- 1  can  see,  the  duty  of  the  Christy  box  can  be  raised  still  further 
tintU  a  practical  limit  is  reached.  This  is  what  Prof.  Christy  has  claimed  all 
along;  large  quantity  of  solution  treated  In  a  small  cubic  space,  but  I  can  not 
up  to  the  present  indorse  the  economy  of  electrical  power  or  electrochemical 
efficiency.  I  propose  at  some  future  date  to  repeat  a  rapid  circulation  experi- 
nient,  such  as  the  patent  specification  Insists  on,  but  the  result  of  my  No.  1 
experiment  and  Scrymgeour's  experience  are  not  encouraging. 

In  the  last  month's  experiments  the  cathodes  (made  of  mill  screening)  re- 
ceived under  the  high-current  density  conditions  a  remarkably  hard  and  bright 
deposit 

Tbe  following  is  a  summary  of  the  experiments  made  this  month : 

Experiment  4. — Speed  of  flow  increased  to  6  pounds  per  minute.  Value  before 
first  drcolation,  3.1  pennyweights;  after  first  circulation  (dip  sample),  0.4 
pennyweight ;  recovery,  87  per  cent ;  duty,  96 :1. 

Value  before  second  circulation,  0.88  pennyweight;  after  second  circulation 
(dip  sample),  0.34  pennyweight;  recovery,  61  per  cent;  duty,  96: 1.  Total  re- 
covery, 90  per  cent ;  duty,  96 : 1. 

Experiment  5. — Current  high,  as  in  Nos.  3  and  4 ;  speed  of  flow  increased  to 
10  pounds  per  minute.  Duty,  160  times  capacity  of  box.  Evolution  of  gas  only 
apparent  at  lower  end  of  box,  and  eventually,  as  current  dropped,  it  had  to  be 
increased  to  maintain  evolution  of  gas  at  electrodes.  Value  before  first  circu- 
lation, 5.4  pennyweights;  after  first  circulation  (dip  sample),  1.2  pennyweights; 
recovery,  77.77  per  cent ;  duty,  160 : 1. 

Value  before  second  circulation,  1.52  pennyweights;  after  second  circulation 
(dip  sample),  0.54  pennyweight;  recovery,  64.51  per  cent;  duty,  160: 1.  Total 
recovery,  90  per  cent ;  duty,  80 : 1. 

Experiment  6, — Considering  that  the  experiments  summarized  above  were 
Tery  satisfactory  from  the  point  of  view  of  duty,  percentage  of  recovery,  but 
that  the  lowest  values  of  solutions  were  0.34  pennyweight  (experiment  4) 
and  0.54  pennyweight  (experiment  5),  this  experiment  (No.  6)  was  made  on 
solutions  of  low  value,  to  determine  the  possibility  of  reducing  solutions  to  the 
low  gold  values  which  obtain,  in  our  current  practice  here. 

Current  strength  as  high  as  in  Nos.  3,  4,  and  5,  namely,  10  amperes. 
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Rate  of  flow  of  solution,  4  pounds  per  minute.  Value  before  first  circula- 
tion, lost  in  assay  ofiice;  after  first  circulation  (dip  sample),  0.46  pennyweight; 
before  second  circulation,  0.62  pennyweight;  after  second  circulation  (dip 
sample),  0.12  i)enny weight ;  recovery,  80.64  per  cent;  duty,  64: 1. 

Ewperiment  7. — Since  this  experiment  (No.  6),  was  fairly  successful,  experi- 
ment 7  was  made  at  a  higher  rate  of  flow  (6  pounds  per  minute);  and  a  lower 
density,  5  amperes,  which  showed  an  evolution  of  gas  right  through  the 
experiment^  on  the  lower  half  of  the  set  ot  electrodes.  Value  before  fl.rst  cir- 
culation, 0.5  pennyweight;  after  first  circulation,  0.28  pennyweight;  before 
second  circulation,  0.52  pennyweight ;  after  second  circulation,  0.46  pennyweight 

This  experiment  I  considered  either  salted,  or  incorrect,  and  the  experiment 
was  repeated. 

Experiment  7a. — ^Bvolution  of  gas  profuse  right  through  the  experiment 
Value  before  first  circulation,  1.55  pennyweights;  after  first  circulation,  0.44 
pennyweight;  before  second  circulation,  0.62  pennyweight;  after  second  cir- 
culation, 0.78  pennyweight 

I  have  entered  against  this  in  my  log  book  that  the  sample  of  second  circu- 
lation must  have  been  crossed ;  but  now  I  believe  that  at  the  slow  rate  of  fiow 
of  solution,  the  sample  before  circulation  is  incorrect,  as  the  solution  standing 
in  the  vats  some  24  hours  takes  up  more  gold  than  the  assay  return  showa 

Experiment  8. — ^Nos.  7  and  7a  giving  strong  evolution  of  gas  at  comparatively 
low  current,  the  rate  of  fiow  was  increased  to  6  pounds  per  minute.  Results 
no  good  at  all.  Value  before  first  circulation,  0.72  pennyweight;  after  first 
circulation,  0.54  pennyweight;  value  before  second  circulation,  0.56  penny- 
weight; after  second  circulation,  0.7  pennyweight 

Experiment  9. — ^Nos.  7,  7a,  and  8  having  given  results  of  no  value,  No.  9  was 
made  at  the  same  rate  of  fiow  as  No.  8,  namely,  6  pounds  per  minute,  and  the 
current  was  increased  to  the  strength  used  in  No.  6,  which  gave  a  comparatively 
good  result.  Value  before  first  circulation,  1.8  pennyweights;  after  first  circu- 
lation (dip  sample),  0.3  pennyweight;  before  second  circulation  (dip  sample), 
(assay  not  done) ;  after  second  circulation  (dip  sample),  (assay  not  done). 

I  notice  in  one  of  your  extracts  from  Prof.  Christy's  letters  that  he  says 
he  can  reduce  solutions  to  the  value  of  1  or  2  cents;  but  that  he  prefers  to 
make  it  only  10  or  12  cents.  This  latter  I  have  done  in  No.  6;  but  it  is  too 
high  for  our  normal  practice  here,  although  the  disadvantages  might  be  out- 
weighed (if  it  can  not  be  overcome,  which  I  do  not  believe)  by  the  economy  of 
initial  outlay,  efficiency,  simplicity  of  clean-up,  and  other  advantages  inherent 
to  the  process. 

DISCXrSSION  OF  BESXTLTS. 

In  comment  on  the  foregoing  experiments,  I  can  but  express  regret 
that  old  chlorination  tanks  had  to  be  used.  Evidences  of  the  salting 
of  the  solutions  at  the  most  critical  junctures  are  apparent.  The 
omission  of  a  record  of  the  voltage  and  the  amperage,  hour  by  hour, 
of  the  duration  of  the  experiment  and  of  the  volume  of  solution 
render  it  impossible  to  judge  the  ampere-hour  efficiency.  A  two- 
barrel  method  of  circulation  is  not  satisfactory,  for  the  reason  that 
the  velocity  of  flow  diminishes  with  the  diminishing  head  in  the 
head  tank,  except  when  constantly  regulajied.  The  necessity  of  in- 
creasing the  flow  of  solution  as  the  liquid  becomes  impoverished  of 
its  gold  and  silver  content  can  not  be  too  positively  emphasized. 
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It  must  be  increased  till  the  evolution  of  gas  at  the  cathodes  either 
ceases  or  becomes  a  minimum.  Experimenters,  by  omitting  these 
precautions,  fail  to  obtain  the  results  and  the  efficiency  that  are 
possible.  It  is  true  that  gassing  at  the  anodes  need  not  be  stopped, 
but  some  fail  to  appreciate  the  effect  of  the  greater  precipitating 
sor&ce  that  I  insist  on.  The  best  results  are  obtained  by  increasing 
simultaneously  the  cathode  surface,  the  current  density,  and  the 
speed  of  circulation.  The  current  density  should  be  kept  at  the 
high^t  point  that  will  allow  the  metal  to  come  down  firmly  coherent 
and  to  increase  the  circulation  so  as  to  reduce  gassing  at  the  cathodes 
to  as  low  a  point  as  is  possible  with  the  highest  practicable  current 
density.  The  limit  of  current  density  is  reached  when  the  metal 
comes  down  as  a  slime,  and  as  it  forms  is  washed  off  by  the  solution. 

A  difficulty  that  Andrioli  must  have  met,  though  he  does  not 
mention  it,  was  the  intermittent  use  of  the  cathodes.  From  the  dates 
of  the  experiments  I  observe  that  the  interval  was  sufficient  to  cause 
the  rusting  of  the  iron  wires  beneath  the  gold.  Some  of  the  gold 
must  have  redissolved  in  the  first  part  of  his  later  experiments,  and 
whether  this  was  later  corrected  by  the  current  can  not  be  determined 
from  the  data  given. 

In  Scrymgeour's  experiments  and  Andrioli's  first  experiments  the 
large  amount  of  lime  in  the  solution  tested  seems  to  have  deterred 
them  needlessly  from  employing  adequate  circulation.  I  have 
treated  solutions  rich  in  lime  at  velocities  of  flow  of  several  feet 
per  minute  through  gauze  cathodes  with  no  trouble  from  this  source. 
With  new  cathodes  trouble  sometimes  arises  from  a  nonconducting 
coating  of  oil  on  the  gauze  or  from  the  cathodes  having  been 
previously  used  and  allowed  to  rust  by  intermittent  use,  as  I  believe 
was  more  probably  the  case. 

I  wish  to  express  my  hearty  thanks  to  Messrs.  Hopkins,  Scrym- 
geour,  and  Andrioli  for  the  trouble  they  have  taken  with  these  tests 
and  my  realization  of  the  many  limitations  as  to  necessary  con- 
veniences and  with  constant  interruptions.  I  consider  the  results 
favorable  in  view  of  the  departure  from  the  directions  given  and 
from  the  conditions  that  I  would  have  desired. 

SirOSOKASS  CYANIDATIOK  AFFAEATTTS. 

■ 

A  patent,  of  10  claims,  by  J.  Snodgrass  (U.  S.  patent  835329,  Nov. 
6,  1906),  appeared  shortly  after  the  experiments  that  have  been  de- 
scribed were  made.  The  apparatus  disclosed  in  the  patent  consists 
of  a  rectangular  box  through  which  the  solution  flows  only  once. 
The  bottom  of  the  box  is  covered  with  an  iron  plate,  which  is  con- 
nected with  the  negative  electrode.    The  cathodes  are  made  of  iron 
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frames  resting  on  the  bottom  cathode  plate,  and  either  faced  with 
iron-wire  gauze  of  100  meshes  to  the  inch  or  with  woven  cloth  of 
fine  texture,  coated  with  plumbago  or  with  plumbago  and  a  lead  salt. 
The  anodes  are  wooden  boxes  with  coarse  cloth  sides,  filled  either 
with  gas  carbon  or  coke,  graphite,  binoxide  of  manganese,  or  j>eroxide 
of  lead.  The  solution  does  not  flow  directly  through  the  anodes, 
but  is  shunted  around  them.  Carbons  or  other  conductors  are  in- 
serted into  the  box  and  connected  with  the  positive  pole.  The  iron 
plate  connected  with  the  cathode  is  claimed  to  have  the  advantage 
that  any  metallic  powders  falling  on  it  from  the  cathode  are  pre- 
vented from  being  redissolved.  The  inventor  expressly  disclaims  the 
use  of  rapid  and  repeated  circulation  of  the  solution  through  the 
deposition  box,  and  urges  this  omission  as  an  advantage. 

It  is  apparent  that  effective  precipitation  under  such  conditions 
can  be  procured  only  by  making  the  box  large  and  costly  and  the 
clean-up  difficult  and  expensive.  To  circulate  the  solution  around 
and  not  through  the  anodes  sacrifices  one  of  the  benefits  of  pervious 
electrodes.  The  iron  plate  at  the  bottom,  on  which  the  cathodes 
rest,  is  a  good  feature. 

<'X!OKE  WHISKEBS ''  AS  AIT  ELECTRODE. 

WTiile  I  was  engaged  in  a  systematic  search  through  all  the  known 
elements  and  compounds  for  a  substance  that  would  serve  alternately 
as  an  anode  and  a  cathode  in  cyanide  solutions  I  received  a  specimen 
of  the  product  popularly  known  as  "  coke  whiskers."  This  substance 
was  produced  by  Dr.  J.  A.  Holmes  in  some  of  the  experiments  in 
coking  coal  that  were  undertaken  by  him  at  the  Government  testing 
plant  at  St.  Louis,  Mo. 

The  product  closely  resembles  in  size,  shape,  and  color  the  hair  of 
a  negro's  head.  It  is,  however,  a  peculiarly  resistant  form  of  coke. 
It  is  but  slightly  attacked  by  the  strongest  nitric  acid  containing 
chlorate  of  potassium.  It  is  a  pervious  mass,  a  good  conductor  of 
electricity,  presents  an  enormous  surface  for  deposition,  and,  in  short, 
seemed  to  be  the  substance  I  had  been  looking  for.  It  was  not  fl 
newly  discovered  substance,  but  had  been  previously  mentioned  by 
Percy."    He  describes  the  substance  as  follows: 

Hairlike  form  of  coke. — HalrUke  threada  are  sometimes  observed  on  pieces 
of  coke.  They  are  nearly  solid,  and  under  the  microscope  occasionally  present 
somewlmt  tlie  appearance  of  a  string  of  beads,  soldered  together.  They  consist 
of  carbon,  which  seems  to  have  been  deposited  in  the  following  manner:  A 
babble  of  tarry  or  hydrocarbon  vapor  and  gas.  In  escaping  from  the  surface  of 
the  coke,  becomes  more  highly  heated,  and  is  In  consequence  decomposed  wltb 

*  Percy,  Jolm,  Metallurgy ;  fuel.     1875,  p.  421. 
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the  separatioii  of  solid  carbon,  which  is  deposited  as  a  continuous  coherent  film 
on  the  surface  of  the  bubble ;  a  second  bubble  escapes  through  the  carbonaceous 
shell  of  the  first,  and  Is  similarly  decomposed,  forming  a  second  carbonaceous 
shell  attached  to  that  resulting  from  the  first  bubble;  and  so,  by  a  continuous 
gDcceesion  of  such  deposits  of  carbon,  a  continuous  tube  of  carbon  is  formed.  > 
Gss  would  continue  to  flow  through  this  tube,  depositing  carbon  in  its  course 
OQ  the  inner  surface,  until  at  length  the  tube  is  converted  into  a  nearly  solid 
Sier.  Such  appears  to  me  the  mode  of  formation  of  this  curious  hairlike 
matter,  though  I  am  by  no  means  certain  of  the  correctness  of  this  view.  I  have 
noticed  considerable  variety  In  appearance  in  the  specimens  of  hairlike  coke, 
^hich  I  have  examined  under  the  microscope.  This  is  a  subject  that  deserves 
investigiiticm  by  a  competoit  microscopist 

From  some  accounts  of  the  experiments  at  the  testing  plant  at 
St.  Louis  I  understand  that  few  coals  are  capable  of  forming  the 
product  and  that  no  one  seems  able  to  control  the  conditions  that 
produce  it.  I  tried  to  get  quotations  on  the  product  in  quantities. 
One  coke  manufacturer  quoted  it  at  $20  per  ton,  but  could  not  guar- 
antee any  quantity  at  that  price.  The  subject,  however,  deserves 
further  investigation,  ad  there  are  many  industrial  uses  to  which  such 
a  material  could  be  put. 

EZCELSIOB  CEASCOAL  AS  ELECTBODE. 

The  use  of  "  coke  whiskers  "  being  out  of  the  question  on  the  large, 
commercial  scale,  I  was  forced  to  have  resort  to  some  other  form  of 
carbon  that  would  be  a  substitute.  It  occurred  to  me  that  "  excelsior 
fiber,"  a  substance  very  generally  used  for  packing  and  in  the  up- 
holstering of  cheap  furniture,  might  be  made  into  a  pervious  mass 
presenting  a  precipitating  surface  like  zinc  shavings. 

Ordinary  charcoal  is  practically  a  nonconductor,  but  I  overcame 
the  difficulty  in  this  regard  by  heating  the  charcoal  with  metallic 
salts  of  silver,  copper,  or  lead.  I  found  that  such  charcoal  could  be  - 
converted  into  graphite  in  the  electric  furnace.  Better  still,  I  found 
that  it  was  not  necessary  or  even  desirable  to  use  the  electric  furnace, 
or  to  convert  the  excelsior  entirely  into  graphite,  as  charcoal  heated  to 
a  low  orange  became  an  excellent  conductor  without  the  addition  of 
any  foreign  substance  whatever.  Grass,  pine  needles,  straw,  hemp 
rope,  and  many  other  materials  also  would  serve,  if  coked  at  a  suffi- 
cient temperature ;  but  of  all  of  these,  excelsior  charcoal  proved  the 
best.  As  regards  ash  content,  for  example,  the  excelsior  was  found  to 
contain  only  about  1  to  8  per^cent,  whereas  pine  needles,  for  instance, 
often  carry  as  much  as  20  to  30  per  cent. 

I  thus  had  a  suitable  material  for  pervious  electrodes  that  could 
be  used  either  as  anodes  or  cathodes,  or  both  in  alternation.    I  found 
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that  gold,  silver,  and  copper  could  be  precipitated  upon  such  elec- 
trodes just  as  well  as  on  a  sheet  of  metal,  and  could  be  removed  by 
making  the  charcoal  cathode  into  an  anode  in  a  cyanide  solution. 
The  deposited  metal  could  then  be  concentrated  from  a  large  cathode 
surface  upon  a  small  one.  The  most  encouraging  feature  of  all  was 
that  the  charcoal  of  the  anodes  dissolved  in  the  solution  only  at 
very  high  voltages,  and  after  the  gold  and  the  silver  had  been  re- 
moved. The  action  on  the  charcoal  was  much  like  that  on  graphite, 
and  the  charcoal,  notwithstanding  the  large  surface  exposed,  was 
less  attacked  than  was  hard  carbon.  Caustic  lime  seemed  to  precipi- 
tate any  dissolved  substance  occasioning  any  discoloration ;  and  after 
aeration,  the  solution  so  treated  dissolved  gold  and  silver  as  well  as 
fresh  solutions  containing  the  same  amount  of  cyanide  would. 

THE   EIECTBODS    SITSFACS. 

The  area  of  surface  exposed  by  "  coke  whiskers  "  and  by  excelsior 
charcoal  is  an  important  consideration.  A  cylindrical  filament  of 
"  coke  whiskers,"  22  mm.  long  by  0.078  mm.  in  diameter  and  weir- 
ing 0.18  mg.  has  a  skin  surface,  neglecting  the  area  of  the  ends,  of 
5.S88  square  millimeters ;  therefore  1  gram  of  fiber  represents  an  area 
of  about  300  square  centimeters.  Thirteen  grams  of  the  material  can 
be  packed  loosely,  without  difficulty,  in  a  space  of  384  cubic  centi- 
meters. Hence  a  gram  occupies  30  cubic  centimeters  and  has  300 
square  centimeters  of  precipitating  surface. 

"Excelsior  charcoal"  filaments  may  be  produced  of  any  degree 
of  fineness.  One  average  filament  that  I  measured  was  25  mm. 
long,  0.165  mm.  thick,  and  0.44  mm.  broad.  Its  skin  area  would 
be  30.25  square  millimeters,  or  0.3025  square  centimeters,  and  its 
weight  was  1.6  mg.  The  surface  of  excelsior  fiber  thus  may  ap- 
proximate 189  square  centimeters  per  gram.  The  area  for  a  given 
weight  is  then  less  than  two-thirds  that  of  an  equal  weight  of 
"coke  whiskers."  Nevertheless  "the  excelsior  charcoal,"  if  made 
fine,  is  not  so  pervious  to  the  solution,  and  on  the  whole  works  ex- 
tremely well. 

A  comparison  of  the  surface  area  of  simple  pervious  electrodes 
as  compared  with  the  compound  pervious  electrode  becomes  of  im- 
portance. When  excelsior  charcoal  is  placed  in  narrow  rectangular 
boxes  with  cheesecloth  sides  to  form  electrodes  that  may  stretch 
across  the  deposition  box,  two  forms  of  construction  are  possible.  If 
each  box  has  a  graphite  or  other  conductor  to  supply  the  current  we 
have  what  may  be  called  a  simple  pervious  electrode.  If  connected 
with  the  plus  pole  it  becomes  an  anode,  if  connected  with  the  minus 
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pole  it  becomes  a  cathode.  Instead  of  making  use  of  this  arrange- 
mwt,  pervious  anodes  of  another  kind  may  be  used.  These  may  be 
graphite  combs,  perforated  peroxide-of-lead  sheets,  or  the  perozi- 
dized  lead  wire  anodes  previously  described.  Any  combination  of 
these  makes  a  suitable  working  system.  With  the  simple  pervious 
athode,  having  both  sides  exposed  to  an  anode,  the  metal  extends 
downward  on  both  sides  and  penetrates  the  charcoal. 

The  simple  pervious  electrodes  have  given  excellent  results  in  the 
precipitation  of  metals  from  solutions,  but  have  the  disadvantage  of 
requiring  many  electrical  connections,  one  being  required  for  each 
anode  and  for  each  cathode.  As  a  consequence,  whenever  an  anode 
or  cathode  is  to  be  removed  there  is  trou'ble  in  establishing  and  pro- 
curring  the  electrical  connections.  Con- 
stant watchfulness  ■  is  then  necessary  to  "  "  <*  "  " 
maintain  good  electrical  contacts.  "r_ 

In  fig:ure  32  are  shown  two  pervious 
cathodes,  c',  of  the  kind  described.  These 
may  be  supposed  to  be  made  either  of  wire 
cloth  or  of  fragments  of  coke  or  graphite, 
or  of  "  coke  whiskers "  or  excelsior  char- 
coal contained  in  a  suitable  box  with  sides 
of  cheesecloth,  and  placed  between  pervious 
anodes,  a.  It  would  ordinarily  be  supposed 
timt  the  whole  of  the  inner  surface  of  such 
pervious  cathodes  would  be  effective  for  re-  fiouki  82.  —  Ferrioaa  eiec- 
ceiving  the  precipitate  of  metal.  However,  l^'"-  "'  ^^"'^  "'  '"*" 
I  have  found  that  metal  precipitated  by  the 

electric  current  on  such  pervious  cathodes  forms  a  deposit  of  only 
moderate  depth.  The  depth  depends  on  the  permeability  of  the  ma- 
terial and  increases  with  the  free  interstitial  space.  When  granules 
of  graphite,  or  of  coke,  one-eighth  of  an  inch  in  diameter  are  placed 
in  such  frames,  the  metal  deposit  extends  into  the  electrode  to  a 
depth  of  about  1  to  8  granules.  With  wire  cloth  it  penetrates  to  a 
greater  depth,  but  in  all  types,  if  the  thickness  of  the  electrode  is 
great,  the  interior  (marked  0,  fig.  32)  receives  practically  no  de- 
posit, while  the  outer  portions,  marked  with  the  minus  sign  {— ), 
become  heavily  coated.  The  interior  may  be  said,  then,  to  be  in  an 
"electrolytic  shadow."  Here  and  in  what  follows  regarding  this 
neutral  portion  of  the  pervious  electrode,  I  refer  only  to  the  metal 
that  is  deposited  by  the  electric  current,  and  not  to  that  deposited 
by  chemical  action  of  the  solution  on  the  material  of  the  electrode 
itself,  as  sometimes  happens.  The  depth  through  which  the  cur- 
rent penetrates  and  acts  on  the  solution  varies  from  one-eighth  to 
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one-half  inch  with  the  ordinary  perviousness.  The  more  compact 
the  particles  of  the  conducting  substance,  the  ahaliower  will  be  the 
metallic  deposit,  until  at  the  extreme,  when  the  perviousneas  dimin- 
ishes to  that  of  a  sheet  of  compact  metal,  the  deposit  does  not 
penetrate  the  cathode  at  all  and  ia  deposited  on  the  sur&ce.  The 
discovery  of  this  fact,  which  from  the  first  appeared  to  be  a  dis- 
advantage in  the  use  of  pervious  cathodes,  led  me  to  simplify  the 
pervious  electrodes  for  receiving  the  deposit  of  metal.  This  feature 
is  illustrated  in  figure  33. 

In  figure  33  is  shown  a  deposition  box,  .4,  which  is  to  contain  the 
solution  of  a  metal  salt,  such  as  copper  sulphate,  or  cyanide  of  gold 
or  silver  and  potassium.    At  a'  is  shown  an  insoluble  anode  of  carbon 
or  platinum,  and  at  c'  a  cathode  also  of  carbon  or  platinum.     Now, 
if  there  be  placed  in  the  solution  be- 
I  tween  these  anodes  and  cathodes  a  pervi- 

~r*  ous  electrode,  made  either  of  sheets  of 

wire  cloth  or  a  mass  of  granules  of  coke, 
graphite,  "  coke  whiskers  "  or  "  excelsior 
charcoal,"  and  if  an  electric  current  be 
caused  to  enter  the  solution  at  the  anoiJe 
a',  and  to  pass  out  by  the  cathode  c", 
the  end  of  the  pervious  electrode  c  near- 
est the  anode  a'  becomes  charged  with 
negative  electricity,  as  indicated  by  the 
minus  sign,  and  copper  or  gold  and  sil- 
FiouM  88.— DepoBiUon  boi  with    ver  will  be  deposited  upon  that  side  of 
pe^rrioi..^  ei«tr<>ae.  ^^  Anofle    jj^^  pgrvious  clectrode  to  a  depth  of  one- 
0,  cathode ;  A,  depoiiuon  boi.    eighth  to  one-half  inch  or  more,  depend- 
ing upon  the  perviousness.     The  oppo- 
site side,  indicated  by  the  plus  sign,  of  the  pervious  electrode  be- 
comes charged  with  positive  electricity  to  a  similar  depth  back  from 
the  face.     The  intermediate  part,   h,  of  the  pervious  electrode  is 
neither  negatively  nor  positively  electrified ;  and  practically  no  metal 
will  be  deposited  there.    My  first  improvement  consisted  in  utilizinjr 
this  idea  in  the  construction  of  what  may  be  called  a  compound 
pervious  electrode.    One  face  of  this  el^trode  acts  as  an  anode  and 
the  other  face  as  a  cathode;  between  these  faces  is  a  part  acting 
neither  as  a  cathode  nor  as  an  anode,  simply  conducting  the  current 
as  a  solid  metallic  conductor  would  do. 

Figure  34  shows  the  manner  in  which  the  compound  pervious  elec- 
trodes are  used.  Only  the  electrodes  and  not  the  deposition  box  are 
shown  in  this  figure.    The  compound  pervious  electrodes  are  marked 
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«,  ftod  e,.  They  may  be  of  any  number  desired.  The  positive  electric 
current  enters  the  solution  by  means  of  a  simple  pervious  anode  e, 
the  whole  of  which  becomes  charged  with  positive  electricity.  At  a 
suitable  distance,  preferably  as  small  as  possible  without  short- 
circuiting,  is  plaiced  the  compound  pervious  electrode  marked  e^. 
The  side  c  nearest  the  anode  e  acts  as  a  cathode  and  is  marked  with 
a  minus  (  — )  sign.  The  middle  portion  b  is  neutral  and  is  marked  o. 
The  side  a  acts  as  an  anode  and  is  marked  with  a  plus  (-|-)  sign.  At 
a  suitable  distance  is  placed  a  second  compound  pervious  electrode  e,, 
and  at  proper  distances  as  many  more  of  these  as  may  be  necessary. 
Finally  a  simple  pervious  cathode  e„  marked  with  a  minus  ( — )  sign, 
is  provided  where  the  electric  current  leaves  the  solution.  The  man- 
ner in  which  I  prefer  to  arrange  such  a  , 
combination  of  compound  pervious  elec-  a  c  b  a  i  ' 
trodes  is  shown  in  figure  35. 

In  figure  35,  at  B,  is  shown  a  large  tank 
or  reservoir  containing  the  solution  to  be 
treated,  and  at  A  the  deposition  box.  The 
solution  is  forced  to  circulate  through  the 
box  A  by  means  of  the  centrifugal  pump 
F.  driven  by  some  such  means  as  the 
motor  <?.  The  circulation  is  from  the  tank 
B  through  the  deposition  box,  and  back 
again  repeatedly  through  pipe  g.  Also, 
solution  may  be  drawn  from  the  bottom  of 
the  tank  and  supplied  to  the  tank  on  a 
float  at  the  top,  so  that  the  poor  solution 
above  shall  not  mix  with  the  rich  solution 
below.  It  is  also  possible  to  circulate  the  solution  from  'the  tank 
through  the  box  once  only,  provided  the  box  is  made  sufficiently  long 
to  insure  complete  precipitation  in  a  single  passage ;  but  the  method 
shown  in  figure  35  is  preferable.  The  electric  current  enters  at  the 
simple  pervious  anode  e,  passes  through  the  solution  to  the  com- 
pound pervious  electrode  e„  then  through  the  solution  again  to  com- 
pound pervious  electrode  Pj,  and  so  on  to  the  simple  pervious  cathode 
e„  by  which  it  leaves  the  box  through  the  ammeter  E.  At  C  is  shown 
a  suitable  voltmeter  for  determining  the  voltage  between  the  termi- 
nals of  the  deposition  box  A.  By  the  action  of  the  current  ench  of  tho 
compound  pervious  electrodes  e^,  e„  etc.,  receives  a  metallic  deposit 
on  the  side  that  is  negatively  electrified.  The  side  a,  as  shown  in 
figure  84,  receives  no  metallic  deposit  and  the  part  b  practically  none, 
unless  by  the  chemical  action  of  the  electrode  itsolf,  while  the  side  c 
receives  the  deposit  as  a  whole.  The  part  marked  a  being  subjected 
to  such  action  as  occurs  upon  any  anode,  is  liable  to  be  attacked  by 


FioDBl  84. — Arrangement  lor 
compoDDd  electrodes,  a.  An- 
ode   (  +  )  ;   b,   neutral   port 

compound  pervious  elec- 
trodei ;  e,  simple  perrioos 
anode ;    e%,   simple   pervious 
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the  solution  unless  made  of  some  substance  insoluble  in  the  elec- 
trolyte. 

In  cyanide  solutions  "coke  whiskers"  and  "excelsior  charcoal" 
have  been  found  sufficiently  resistant  to  act  as  anodes  at  any  ordinary 
voltage  without  protection.  The  aerated  solution  has  the  same  solvent 
action  upon  gold  and  silver  as  does  a  pure  solution  of  the  same 
strength. 

Such  compound,  pervious  electrodes  may  also  be  termed  pervious 
bipolar  electrodes.  They  have  a  great  advantage  over  the  simple 
pervious  cathodes.  Thus  a  box  requiring  a  potential  drop  of  2.5 
volts  with  a  110- volt  current  can  be  arranged  with  40  current  gaps — 


FiouBE  35. — Arrangement  of  apparatus  for  use  witli  compound  electrodes,  e.  Simple 
pervious  anode ;  Ci  Ct^  compound  pervious  cathode,  and  ez,  simple  pervious  cathode. 
Other  letters  same  as  In  figure  30. 


namely,  1  pervious  anode,  39  compound  pervious  electrodes,  and  1 
simple  pervious  cathode.  There  being  only  two  electric  connections 
to  be  made,  any  intervening  compound  pervious  electrode  can  be 
removed  and  replaced  as  often  as  convenient  without  interrupting 
the  current.  If  the  simple  pervious  cathode  at  the  end  is  to  be  re- 
moved, an  uncharged  one  can  be  placed  in  front  of  it  and  connected 
with  the  negative  pole,  when  the  other  can  be  removed  from  the 
circuit.  A  direct-current  service  of  220  volts  has  been  used,  but  I 
do  not  recommend  so  high  a  voltage,  on  the  whole,  on  account  of 
the  inconvenience  to  those  working  at  the  deposition  box.  It  is, 
however,  easy  to  protect  one's  self  from  shocks  by  wearing  rubber- 
soled  shoes,  or,  if  necessary,  rubber  gloves.  The  110-volt  current 
gives  no  inconvenience  without  protection.  A  patent  (U.  S.  patent 
883170,  Mar.  31,  1908)  was  granted  me  for  the  electrodes  herein 
described,  and  further  details  may  be  found  in  the  claims  there  set 
forth. 


a.  Bo*  equIppBd  with  7  axoelilor  charcoal  anodoi  and  B  charct 
1  simpia  Acheson  eraphlte  anode  i+j.  13  compound  charcoal  cathod 

/,  Acheson  graphite  rod  |  Inchtnick. 
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DESCBimOH  OF  AS  KXPKRTMETgTAL  FLAITT. 

As  many  readers  may  desire  to  verify  the  statements  here  made 
and  to  try  the  process  on  their  own  solutions,  details  are  given  here 
for  complete  small-scale  testa  Such  tests  always  should  precede 
large-scale  work,  for  by  so  doing  the  essential  factors  can  be  fore- 
seen, and  the  necessary  size  of  plant  can  be  accurately  determined. 
A  type  of  plant  used  by  the  writer  is  shown  in  Plate  I. 

DEPOSITION    BOX. 

The  early  experiments  were  made  with  a  box  10  inches  in  length, 
which  afterwards  was  increased  to  13  inches,  as  shown  in  the  illus- 
trations, and  still  later  to  several  feet.  The  box  is  6  inches  deep 
and  4f  inches  wide  and  discharges  at  a  height  of  4|  inches.  It  is 
illustrated  in  Plate  II,  A. 

The  box  is  made  of  redwood'  1  inch  thick.  The  end  joints  are 
put  in  with  a  tenon  and  two  pieces  of  string  are  laid  along  the  joints 
to  bruise  the  wood,  causing  it  to  swell  tight  when  wet.  After  being 
nailed,  the  box  is  immersed  in  water  until  it  swells  tight.  It  is  then 
taken  out  and  partly  dried,  after  which  it  is  given  several  coats  of  a 
special  paint,  such  as  ^^  P  &  B  "  paint  made  from  residues  of  Cali- 
fornia petroleum  dissolved  in  carbon  bisulphide.  It  is  important 
not  to  apply  the  paint  until  the  wood  has  swelled*  If  painted  first, 
the  box  can  never  be  made  tight.  Boxes  fitted  with  circular-saw 
joints  leak  less,  as  a  rule,  than  those  with  planed  joints. 

ELECTBODE  BOXES. 

The  electrode  boxes  are  made  of  strips  of  soft  wood  one-half  inch 
thick  and  three-eighths  inch  wide.  On  the  bottom  is  nailed  a  strip 
one-eighth  inch  thick  and  three-fourths  inch  wide.  These  are 
fastened  together,  and  over  the  rear  side  is  stretched  a  piece  of  cheese- 
cloth, which  is  drawn  tight,  overlapping,  and  fastened  to  the  box 
with  Uiick"P&B"  paint. 

The  outside  dimensions  of  the  frames  as  constructed  are  4^  inches 
wide  by  5^  inches  high.  The  inside  dimensions  are  3)f  inches  wide 
by  4fV  inches  high.  The  box  is  half  an  inch  deep.  The  inner  cross 
section  is  practically  16  square  inches  or  1  square  decimeter ;  that  is, 
one-ninth  square  foot  or  0.01  square  meter.  For  making  a  new  ap- 
paratus I  should  advise  an  inner  cross  section  of  4  by  4  inches,  mak- 
ing exactly  one-ninth  square  foot,  or  1  square  decimeter,  and  should 
modify  the  dimensions  of  the  deposition  box  accordingly. 

The  cover  of  these  boxes  is  made  three-eighths  inch  wide  and  one- 
fourth  inch  thick.  Stretched  over  the  inside  and  lapped  over  the 
outside  is  a  layer  of  cheesecloth,  which  is  fastened  to  the  frame  by  a 
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coat  of  thick  **  P  &  B  "  paint.  The  cover  is  provided  with  a  small 
pin  at  the  bottom  to  be  inserted  in  the  projecting  lip  at  the  bottom 
of  the  frame,  and  is  fastened  on  the  top  by  a  simple  clamp  made  of 
hard  rubber.  The  box,  when  thus  made  and  assembled,  holds  ap- 
proximately 8  to  10  grams  of  excelsior  charcoal  in  a  space  10  by  10 
by  1.25  cm.  in  size.  The  box  should  be  put  together  in  such  a  manner 
that  the  cheesecloth  side  of  the  cover  is  in  direct  contact  with  the 
charcoal,  thus  leaving  a  space  of  one- fourth  inch  between  the  several 
boxes. 

When  these  boxes  are  used  as  compound  pervious  electrodes  they 
require  no  further  addition,  but  when  it  is  desired  to  use  them  for 
simple  pervious  cathodes  an  aperture  of  about  one-fourth  inch 
through  the  center  of  the  box  at  the  top  is  necessary  for  the  intro- 
duction of  the  electrode  rod  of  Acheson  graphite.  For  simple  per- 
vious cathodes,  however,  a  wire  of  iron,  silver,  or  copper  may  he 
used,  but  the  graphite  rod  is  preferable.  As  thus  constructed  and 
assembled  the  box  has  a  thickness  of  about  three-fourths  of  an  inch. 
Allowing  for  slight  irregularities  in  construction,  it  is  pcfisible  to 
use  15  of  these  boxes  in  a  distance  of  1  foot  in  length  of  the  box; 
and  as  1  of  these  serves  as  an  anode,  there  are  14  effective  compound 
pervious  electrodes  in  each  foot  of  length  of  box.  Formerly  I  so 
made  these  boxes  as  to  contain  a  layer  of  charcoal  an  inch  thick,  but 
found  that  better  results  could  be  obtained  by  reducing  the  thickness 
to  one-half  inch.  Beyond  this  limit  it  does  not  seem  to  be  wise  to  go. 
With  the  compound  pervious  electrode  it  is  necessary  to  pack  the 
charcoal  as  thick  as  indicated,  namely,  at  least  10  grams  to  each  box, 
to  prevent  passage  through  the  charcoal  without  full  chemical  action. 
With  two  such  boxes  as  I  have  indicated  here — ^that  is,  with  28  cur- 
rent gaps — I  have  employed  a  voltage  of  110. 

CXBCXTLATINa    PTTMP. 

In  order  to  give  a  small,  compact  precipitation  plant,  the  use  of  a 
centrifugal  or  other  circulating  pump  is  necessary.  The  pump  used 
in  the  small-scale  experiments  has  been  already  described.  For 
packing  the  stuflSng  boxes  I  use  a  little^  cotton  or  wool  soaked  in 
graphite  and  vaseline.  The  whole  interior  of  the  pump  is  painted 
with  "  P  &  B  "  paint,  and  where  thus  protected  shows  no  signs  of 
wear  or  chemical  action.  The  only  part  of  the  pump  which  is  not 
thus  painted  is  the  shaft,  which  is  kept  bright  by  the  graphite  and 
vaseline.  I  use  two  pumps  on  the  same  bedplate  in  preference  to 
one  in  order  to  balance  the  side  thrust. 

The  deposition  box  that  I  have  here  described  has  4.28  liters 
capacity  up  to  the  water  line.  When  filled  with  15  electrode  boxes 
with  their  charcoal  content  the  clear  space  is  about  2.4  liters.    If  the 
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oomponnd  pervious  electrodes  are  not  used,  I  prefer  to  use  anodes 
made  of  Acheson  graphite  or  the  wire  ones  of  peroxidized  lead. 
In  the  small  box  are  four  Acheson-graphite  rods  about  three-eights 
of  an  inch  in  diameter.  The  upper  ends  of  these  are  inserted  in  a 
graphite  bus  bar  having  conical  or  threaded  holes  an  inch  apart, 
thus  giving  an  anode  of  comb-shaped  form.  I  have  used  these 
graphite  anodes  repeatedly  at  4  volts  without  signs  of  disintegration. 

With  simple  pervious  anodes  I  place  an  anode  on  either  side  of  a 
cathode  or  between  each  pair  of  cathodes.  With  solutions  containing 
sulphates  I  prefer  to  use  the  peroxidized-lead  wire  anode  described 
on  page  100.  In  this  case  I  use  a  square  frame  made  of  painted  wood 
three- fourths  inch  wide  and  one- fourth  inch  thick.  Through  this  are 
stretched  six  lead  wires  about  one-eighth  inch  in  diameter,  coated 
with  peroxide  of  lead  in  the  manner  described.  The  wooden  frame 
is  coated  with  "  P  &  B  "  paint 

In  assembling  the  apparatus  I  connect  the  two  suction  pipes  of 
the  double  pump  at  the  opposite  sides  of  the  solution  tank,  preferably 
from  near  the  bottom,  rather  than  from  the  top,  as  in  figure  35. 
The  pump  discharges  through  the  deposition  box,  and  the  solution 
returns  on  the  float  board  at  the  top  of  the  tank,  avoiding  admixture 
with  the  stronger  solution  below.  The  circulation  is  maintained 
until  the  gold  and  silver  content  of  the  solution  is  sufficiently  reduced. 

I  find  the  unit  deposition  box  that  I  have  described  very  con- 
venient for  use.  The  length  of  the  box  may  be  increased,  if  desired, 
or  the  same  result  may  be  attained  by  placing  one  box  behind  an- 
other, in  series,  until  sufficient  precipitating  surface  is  obtained. 
With  Yich  solutions  containing  much  gold  and  silver,  I  havcj  had  the 
silver  deposit  so  fast  as  to  clog  the  filter  cloth,  a  growth  of  silver 
having  been  formed  on  the  outside  of  the  cover,  necessitating  the 
removal  of  this  from  time  to  time  to  clear  away  the  crystals  of  pure 
silver.  This  does  not  happen  with  poor  solutions.  However,  as  the 
interstitial  space  of  the  electrodes  becomes  filled  with  gold  and  silver, 
and  particularly  if  the  solution  is  foul  with  lime  and  ferrocyanide 
of  potassium,  often  there  is  a  considerable  resistance  to  the  circula- 
tion of  the  solution.  There  are  two  remedies  for  this,  one  is  to 
reduce  the  speed  of  flow  and  the  other  to  increase  the  grade  of  the 
box.  I  have  frequently  in  precipitating  rich  solutions,  on  this  ac- 
count, inclined  the  box  1  to  IJ  inches  to  the  foot,  and  have  experi- 
mented with  velocities  of  flow  ranging  from  2  to  5  liters  per  minute 
in  the  box  of  the  size  indicated.  If  the  actual  interstitial  space  in  the 
box  is  about  2^  liters,  the  actual  rate  of  flow  through  the  box  would 
be  1  to  2  feet  per  minute.  Such  a  rate,  however,  is  not  necessary 
with  rich  solutions.  It  will  be  noted  in  the  foregoing  that  even 
greater  velocities  of  flow  may  be  required  with  dense  currents  and 
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low  metallic  content  of  solution  to  obtain  rapid  precipitation.  When, 
toward  the  end,  the  solution  becomes  much  reduced  in  metal  the 
charcoal  becomes  choked  with  hydrogen  bubbles,  and  the  grade  of  the 
box  must  be  increased  or,  with  a  high  rate  of  circulation,  the  box  will 
overflow. 

BISTBIBXmON  07  FB3CIPITATI0N  IN  THE  DITFE&EITC  CEIXS. 

When  simple  pervious  anodes  and  cathodes  are  used,  there  is  a 
uniform  voltage  throughout  the  whole  deposition  box,  and  the  metal 
is  precipitated  on  the  outer  side  of  each  cathode  uniformly  through- 
out the  box.    With  compound  pervious  electrodes  a  uniform  distribu- 
tion of  voltage  can  be  obtained  if  the  charcoal  is  carefully  packed 
so  as  not  to  leave  any  clear  path  for  the  electric  current  through 
the  solution  and  not  through  the  charcoal.     There  is  always  a 
tendency  for  the  charcoal  to  settle  in  the  box,  and  there  is  frequently 
a  clear  passage  for  the  current  along  the  water  line  or  along  the 
edges  of  the  frame.    In  order  to  prevent  thi^,  care  should  be  taken 
in  packing  the  boxea    Moreover,  electrode  cells  may  be  staggered 
by  wedging  them  close  to.  alternate  sides  of  the  deposition  box, 
although  it  is  preferable  to  avoid  such  grooves  in  a  small  experi- 
mental box,  as  they  complicate  cleaning  in  preliminary  tests.     In 
large  boxes  grooves  are,  of  course,  necessary.    With  proper  precau- 
tions taken,  the  fall  of  voltage  is  very  uniformly  distributed  through- 
out the  box ;  but  there  is  nearly  always  a  tendency  for  the  difference 
of  potential  between  the  first  two  boxes  and  the  last  two  boxes  to  bo 
greater  than  between  the  others.    If  the  boxes  are  farelessly  gacked 
the  difference  may  be  considerable.    On  this  account  the  first  anode 
in  the  compound  pervious  electrode  box  should  be  a  graphite  comb 
or  of  peroxidized-lead  wires.    This  distributes  the  current  uniformly 
across  the  whole  section  of  the  box,  and  somewhat  reduces  the  re- 
sistance. 

If  the  distribution  of  the  voltage  throughout  the  box  is  unifonn 
and  the  circulation  of  the  solution  through  all  parts  of  the  box  is 
also  uniform,  the  precipitation  of  gold  and  silver  will  be  very  uni- 
form. With  the  compound  pervious  electrodes  the  coating  of  silver 
seldom  is  more  than  one-eighth  to  three-sixteenths  or  at  most  one- 
fourth  inch  thick,  but  there  is  always  a  tendency  for  the  simple 
pervious  cathode  at  the  end  of  the  box  to  become  more  thoroughly 
coated  than  the  others,  owing  to  the  leakage  of  current  from  the 
upper  electrodes.  For  this  reason  it  is  good  policy  in  treating  very 
rich  solutions  to  replace  the  last  simple  pervious  electrode  at  the 
end  of  the  box,  as  it  becomes  charged  with  silver  and  gold,  more 
frequently  than  the  others.  The  compound  pervious  electrodes  also 
should  be  examined  at  intervals,  and  if  the  metallic  precipitate  tends 
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to  creep  up  on  the  outside  of  the  cover,  giving  danger  of  short- 
circuiting,  it  iis  best  to  remove  the  covers,  replace  them  with  fresh 
ones,  and  when  convenient  remove  the  silver  from  the  coated  covers. 
If  desired  the  metal-laden  charcoal  may  be  replaced  continuously, 
for  no  harm  is  done  if  any  one  of  the  compound  pervious  electrodes 
is  removed  from  the  series  and  replaced  by  another  with  fresh  char-s 
coal. 

The  experimental  deposition  box  shown  in  Plate  II,  il,  I  have 
found  most  convenient.  Boxes  a  and  h  are  of  the  same  dimensions 
and,  as  has  been  described,  are  13  inches  long  on  the  inside  and  are 
capable  of  holding  12  inches  of  electrodes,  allowing  three-fourths 
inch  for  the  distribution  of  the  incoming  solution  at  the  head  of  the 
box  and  one-fourth  inch  for  the  discharge  at  the  tail  end.  Box  a  is 
shown  mounted  with  one  form  of  simple  pervious  electrodes.  There 
are  seven  simple  pervious  cathodes  filled  with  excelsior  charcoal  and 
eight  simple  pervious  excelsior-charcoal  anodes.  Each  box  is  pro- 
vided with  an  Acheson-graphite  rod  for  the  distribution  of  the 
current  from  the  bus  bar,  the  anodes  being  connected  with  a  posi- 
tive bus  bar,  and  the  cathodes  with  a  negative  one.  At  c  are  shown 
two  of  the  simple  pervious  cathodes,  one  directly  beneath  the  other. 
The  only  difference  between  the  simple  pervious  anodes  and  the  cor- 
responding cathodes  in  this  form  of  construction  lies  in  the  one  being 
connected  with  the  positive  current  and  the  other  with  the  negative. 
At  d  are  shown  two  of  the  same  boxes  used  as  compound  pervious 
electrodes,  the  difference  being  that  the  electrodes  c  are  provided 
with  graphite  rods  for  connecting  them  with  the  bus  bar,  whereas 
electrodes  d  require  no  such  provision.  However,  as  the  simple 
pervious  cathode  has  silver  deposited  on  either  side  of  the  cloth,  such 
cathodes  are  more  convenient  when  made  with  a  rectangular  frame 
for  the  box  one-half  inch  thick  and  with  two  covers  one- fourth  inch 
thick,  provided  with  cheesecloth  backing,  so  that  the  covers  may  be 
removed  from  either  face  of  the  electrode  for  r^noval  of  the  char- 
coal. This  construction  is  not  absolutely  necessary,  but  it  makes  the  ' 
clean-up  more  convenient. 

The  box  h  shows  the  arrangement  for  a  number  of  compound  per- 
vious electrodes  and  is  the  form  that  I  prefer  for  that  kind  of  work. 
At  the  head  of  the  box,  marked  with  a  plus  (+)  sign,  is  shown  the 
Acheson-graphite  anode  by  means  of  which  the  positive  current  is 
mtroduced  into  the  solution.  This  anode,  shown  at  e,  may  be  termed 
the  Acheson-graphite  comb  anode.  It  consists  of  a  bus  bar  of  Ache- 
scm  graphite  into  which  are  inserted  four  graphite  rods,  clamped  to- 
gether by  means  of  graphite  screws.  The  material  is  entirely  of 
graphite  except  the  little  brass  cap  to  which  is  fastened  the  copper 
comiecting  wire.    The  advantage  of  the  Acheson-graphite  anode  is 
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that  it  more  thoroughly  distributes  the  current  over  the  whole  cross 
section  of  the  box  than  would  excelsior  charcoal  alone.  As  has  been 
said,  instead  of  .the  Acheson-graphite  anode  the  peroxidized-lead  wire 
anode  may  be  used  and  is  preferable  if  sulphates  are  present.  In  any 
event  the  intervening  compound  pervious  electrodes  d  remain  un- 
changed. 

These  boxes  are  as  compact  a  form  of  construction  as  I  have  been 
able  to  devise  of  this  type.  In  each  box  the  solution  is  introduced 
into  the  box  by  the  centrifugal  pump,  flows  through  the  pervious 
electrodes,  and  out  of  the  box  again  into  the  main  tank.  It  will,  of 
course,  be  understood  that  the  grade  of  the  box  as  shown  in  Plate 
II,  -4.,  is  for  convenience  in  representation.  The  grade  that  I  prefer 
to  use  is  about  1  to  1^  inches  to  the  foot. 

Alternative  arrangements  are  shown  in  Plate  II,  B.  At  a  is  shown 
a  very  satisfactory  form  of  simple  pervious  electrode,  having  seven 
simple,  pervious,  Acheson-graphite  comb  anodes  and  eight  simple, 
pervious,  excelsior-charcoal  cathodes  similar  to  <?,  Plate  II,  A^  the 
cathodes  being  all  connected  with  the  negative  bus  bar  and  the  anodes 
similarly  connected  to  the  positive  bus  bar. 

The  simple  pervious  electrodes  shown  at  a  in  Plate  II,  iff,  are  on 
the  whole  preferable  to  those  at  a  in  Plate  II,  A^  as  the  anodes  of 
graphite  are  less  acted  upon  than  those  of  charcoal.  The  graphite 
anodes  may,  of  course,  be  replaced  by  those  of  peroxidized-lead  wire. 

An  alternative  form  of  compound  pervious  electrode  is  shown  at 
h  in  Plate  II,  B.  The  current  here  enters  the  simple  pervious  anode 
marked  with  a  plus  (+)  sign,  passes  through  the  IS  compound  per- 
vious excelsior-charcoal  electrodes  and  out  through  the  simple  per- 
vious cathode,  marked  with  a  minus  ( — )  sign  at  the  lower  end  of  the 
box.  As  the  simple  pervious  excelsior-charcoal  anode  is  not  so  good 
a  conductor  as  the  Acheson-graphite  or  the  peroxidized-lead-wire 
anode,  it  does  not  so  evenly  distribute  the  current  across  the  head  of 
the  box,  and,  as  stated,  I  prefer  the  Acheson-graphite  comb  anode  or 
the  peroxidized-lead  wire. 

Plate  III,  -4,  shows  the  apparatus  equipped  with  the  compound 
pervious  electrodes  such  as  was  used  to  handle  a  20-liter  charge. 
The  box,  6,  is  of  4.28  liters  capacity,  and,  with  the  electrodes,  2.4 
liters.  The  box,  together  with  the  tank  rf,  holds  22  liters  of  solution, 
a  convenient  charge  for  an  experiment. 

The  positive  current  passes  to  the  Acheson-graphite  anode  a, 
thence  through  the  compound  pervious  electrodes,  not  shown,  and 
out  through  the  simple  pervious  cathode,  c.  The  solution  overflows 
from  the  box  into  the  tank  and  then  passes  through  the  two  pumps, 
h^  and  back  again  through  the  box,  circulating  until  the  extraction 
is  completed.  The  motor,  ^,  shown  here  for  operating  the  pump  is 
needlessly  large.    A  compound  pervious  electrode  box  ready 'for  use 
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a,  Ac  he  son  ErapMts  anoda:  b,  dspoiltlan  boi:  c,  simpis  charcoal  csthods;  d.  lolul 
(,  compound  slectrods  holOer:  /,  cover  of  holder;  q,  motor;  «,  pump;  I,  axcalilor 
JJ.  bottles  of  silver  reiidue. 
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is  shown  at  e*  At  /  is  the  cover  of  a  compound  pervious  electrode, 
and  behind  this  is  seen  the  box  itself  filled  with  excelsior  charcoal 
ready  for  use.  The  Acheson-graphite  anode  is  shown  at  €l  In  the 
rear  of  the  apparatus  is  a  pan  filled  with  excelsior  charcoal  as  it 
comes  from  the  retort.  The  two  bottles,  )j^  in  the  foreground  con- 
tain silver  residues  from  the  clean  up  and  show  the  material  as  it 
appears  after  roasting. 

Plate  III,  B^  from  a  photograph  taken  in  the  old  mining  building 
at  the  University  of  California,  shows  the  means  of  regulating  the 
current.  The  laboratory  is  provided  with  a  110- volt  direct  current 
from  a  storage  battery  or  from  a  dynamo.  This  current  is  brought 
into  the  laboratory  at  a,  the  main  current  passing  through  the  resist- 
ances fj,  rj,  and  rg.  By  connecting  with  varying  points  on  this  re- 
sistance, a  shunt  is  formed  with  any  desired  voltage  for  the  deposi- 
tion box.  The  shunt  current  passes  the  ammeter  a  and  the  small 
adjustable  resistance  r  and  through  the  deposition  box  and  back 
again  to  the  resistance.  A  voltmeter  to  terminals  of  box  is  shown  at 
r.  The  resistance  r  is  used  for  adjusting  the  voltage  accurately. 
By  tiiis  means  a  slight  waste  of  current  results  in  the  experiment,  it 
\&  troe,  but  it  is  possible  to  get  any  voltage  needed  from  110  volts 
toL 

The  system  shown  was  resorted  to  after  many  experiments  with 
small  special  dynamos,  storage  batteries,  and  other  devices,  and  en- 
ables one  to  make  use  of  a  110- volt  direct  current  with  no  incon- 
v^kieBoe.  Moreover,  by  the  means  shown  it  is  possible  to  regulate 
the  ndtage  to  0.1  volt  and  keep  it  steady  all  day  if  necessary.  It  is 
neoeflBary  only  to  change  the  point  of  application  of  the  shunt  or 
throw  in  or  out  a  few  coils  in  r^  or  throw  in  or  out  a  few  of  the  lamps 
in  tbe  resistances  r,,  r,,  making  the  final  adjustments  by  the  re- 
sistaaee  n 

Plate  IV,  A^  shows  in  detail  the  arrangement  of  a  suitable  shunt 
resistance. '  The  frame  carries  20  sockets,  in  which  may  be  inserted  in 
parallel  electric-light  bulbs  of  any  desired  candlepower  supplying 
the  resistance.  These  resistances  are  convenient  and  they  are  used 
generally  about  the  laboratory. 

K0IS  07  CHABGING  THE  BOXES  WITH  EZCELSIOB  CHABCOAL. 

The  charcoal  as  it  comes  from  the  retorts  is  in  the  form  of  large 
baU4ike  masses  of  closely  interlocked  fragments.  I  loosen  up  the 
shreds  of  charcoal  carefully  so  as  to  reduce  the  breakage  to  a  mini- 
muiB  and  form  a  mass  of  homogeneous  threads.  The  material  is 
theu  4»refully  charged  into  the  boxes.  In  order  that  the  charging 
may  be  uniform  I  prefer  to  counterpoise  the  box  on  a  weighing  scale 
and  to  add  the  charcoal  until  the  required  weight  is  obtained.    With 
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compound  pervious  electrodes  I  prefer  about  5  pounds  of  charcoal 
to  the  cubic  foot  of  cathode  space,  and  for  simple  pervious  electrodes 
about  2^  to  8  pounds.  As  I  have  already  stated,  the  fine  charcoal  is 
put  at  the  back  or  the  anode  side  of  the  compound  pervious  electrodes, 
care  being  used  to  fill  the  box  so  that  no  clear  space  is  left  for  a 
direct  passage  of  the  current.  This  is  particularly  necessary  with 
the  compound  pervious  electrodes,  the  aim  being  to  pack  it  so  that 
on  being  held  up  to  the  light  no  light  is  seen.  When  so  packed  the 
"electrical  shadow"  or  neutral  part  will  also  be  complete.  This 
leaves  80  to  90  per  cent  of  the  interior  of  the  box  for  solution  and 
deposited  metal.  The  material  should  be  packed  a  little  harder 
along  the  edges  than  in  the  middle.  An  inner  diaphragm,  mentioned 
in  the  S.  B.  Christy  patent  specifications,  I  have  found  unnecessary, 
provided  the  charcoal  is  cacef uUy  packed  along  the  edges.  A  little 
"  P  &  B  "  paint  at  the  edges  of  the  cheesecloth  prevents  electric  leak- 
age at  these  places. 

PEBMANENCE  OF  EZCELSXOB  CHABOOAL. 

If  the  excelsior  charcoal  is  burned  at  an  orange  heat  for  an  hour 
after  the  escape  of  gas  ceases  it  has  a  steel-blue  color,  and  I  find  that 
in  this  condition  it  is  very  little  acted  upon  by  the  current  even  when 
used  as  an  anode.  So  long  as  the  silver  and  the  gold  are  contained 
in  the  solution  the  charcoal  is  acted  upon  only  in  the  very  slightest 
degree;  but  after  the  gold  and  the  silver  have  been  precipitated, 
particularly  if  much  caustic  potash  is  present  in  the  solution,  the 
charcoal  is  attacked  at  a  high  voltage  and  slowly  imparts  to  the 
solution  a  slight  color  like  that  of  very  weak  tea.  This  coloring 
matter  can  be  entirely  removed  from  the  solution  by  quicklime,  but 
such  removal  is  not  necessary.  I  have  found  the  action  of  the  solu- 
tion to  be  unimpaired  if  the  solution  is  thoroughly  aerated  before 
being  used  as  a  solvent  for  gold  or  silver. 

DETAILS  AND  BEST7LTS  OF  TESTS. 

To  leave  no  doubt  as  to  the  possibilities  of  the  process  I  shall  go 
somewhat  into  detail  in  certain  experiments  made  by  me  on  various 
gold  and  silver  bearing  solutions.  The  form  of  tables  which  I  have 
adopted  I  believe  to  be  the  briefest  and  clearest.  The  conditions  as 
to  the  circulation  of  the  solution  are  not  always  specified,  but  it 
should  be  imderstood  that  the  rate  has  usually  been  1  foot  per  min- 
ute. In  some  tests  a  lower  velocity  has  been  found  to  suffice  with 
solutions  very  rich  in  gold  and  silver,  but  with  an  impoverished 
solution  it  is  well  to  increase  the  circulation  to  the  rate  specified  to 
attain  a  satisfactory  rate  of  precipitation. 
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The  capacity  of  the  boxes  containing  the  charcoal  electrodes  is  not 
quite  so  great  as  of  those  containing  the  wire-gauze  electrodes. 
On  accoant  of  the  permanence  of  the  charcoal,  however,  in  first  ex- 
periments it  is  better  to  treat  charges  of  20  liters  at  a  time  until 
familiar  with  the  manipulations.  Results  can  be  obtained  then  in  a 
single  day's  work  and  samples  taken,  in  the  uninterrupted  course  of 
the  precipitation.  Before  large-scale  work  is  begun  I  should  recom- 
mend charges  of  about  500  liters  per  day,  and  continuous  operation. 
In  this  event  samples  need  not  be  taken  so  often;  perhaps  once  in 
four  to  six  hours  will  suffice.  The  rise  in  cyanide  content  when  rich 
silver  ores  are  being  treated  will  not  be  as  rapid  as  in  the  small-scale 
work,  for  the  reason  that  the  large  volume  of  solution  treated  re- 
quires a  longer  time  for  extraction.  The  rate  of  increase  ought  to 
be  inversely  proportional  to  the  volume  of  solution. 

In  treating  ores  containing  much  silver  it  is  not  necessary  to  assay 
continuously,  for  if  a  sample  of  1  c.  c.  of  the  solution  is  taken,  and 
to  it  is  added  1  c.  c.  of  dilute  sulphuric  acid  a  precipitate  of  cyanide 
of  silver  shows  silver  to  be  still  present  in  the  solution  to  the  amount 
of  4  to  6  mg.  per  100  c.  c.  From  the  density  of  this  precipitate  the 
diver  content  can  be  closely  estimated  by  eye.  The  rate  of  precipi- 
tation, in  treating  rich  silver  ores,  can  also  be  determined,  if  the  volt- 
age is  uniform,  by  the  fall  of  amperage.  So  long  as  the  silver  is 
pr^ent  the  current  will  be  high,  but  as  soon  as  the  silver  content 
of  the  solution  falls  the  current  also  falls.  As  regards  silver,  results 
plotted  on  cross-section  paper  clearly  indicate,  by  the  form  of  the 
ampere  curve,  the  point  where  the  silver  is  substantially  removed. 
With  gold  solutions  this  does  not  apply  so  strictly.  The  most  eco- 
nomical point  to  stop  precipitation  is  after  the  cyanide  content  ceases 
to  increase  and  begins  to  decrease.  I  strongly  recommend  the  plot- 
ting on  cross-section  paper  of  results  obtained  in  all  experiments. 
Such  representation  shows  the  facts  in  a  striking  manner  and  gives  a 
better  idea  than  can  be  obtained  by  examining  numerals. 

TAKING    SAMPLES. 

For  ordinarily  rich  solutions  100  c.  c.  portions  of  solution  have 
been  used  as  samplea  The  sample  is  evaporated  in  a  lead  boat  at  a 
gentle  heat  with  a  good  but  not  a  strong  draft.  The  evaporation 
takes  place  in  an  hour.  The  ears  of  the  boat  must  not  be  folded 
tight  or  capillarity  will  cause  the  solution  to  climb  and  dry  on  the 
sides  of  the  boat,  leading  to  mechanical  losses  and  low  results.  The 
dried  residue  in  the  boat  is  sprinkled  with  a  little  boracic  acid,  scori- 
fied, cupelled,  and  parted  in  the  ordinary  way.  For  very  low  grade 
gold  solutions  I  prefer  to  take  603  c.  c.  of  solution  for  evaporation, 
and,  after  scorifying,  cupelling,  and  parting,  to  weigh  the  button  of 
55372*— BuU.  150—19 ^10 
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gold  in  milligrams.  Then  every  milligram  represents  $1  in  gold 
per  ton  of  solution,  and  the  amount  is  obtained  directly  in  dollars 
and  cents.  This  weight  of  603,  or  more  accurately  602.9  grams  or 
approximately  602.9  c.  c.  of  solution,  I  call  the  "  California  gold  ton." 
With  low-grade  solutions  a  liter  sample  may  be  desired. 

I  always  prefer  the  evaporation  of  the  solution  to  any  other  method 
in  use,  as  it  is  absolutely  reliable  ^f  care  is  taken  to  avoid  mechanical 
loss.  With  100  c.  c.  samples  results  are  obtained  in  about  2  hours. 
The  evaporation  method  is  to  be  preferred,  but  the  following  naethod 
of  assaying  cyanide  solutions  is  satisfactory  also,  except  for  solutions 
very  rich  in  cyanide: 

To  100  c.  c.  of  cyanide  solution  add  6  to  7  c.  c.  of  a  10  per  cent 
lead  acetate  solution,  then  add  3  grams  of  zinc  shavings,  heat  just 
short  of  boiling,  add  200  c.  c.  of  strong  hydrochloric  acid,  and  heat 
again  just  below  boiling  so  as  not  to  break  up  the  lead  sponge  which 
forms.  When  the  zinc  has  been  nearly  dissolved,  remove  the  pre- 
cipitate of  spongy  lead,  squeeze  as  dry  as  possible  upon  a  piece  of 
test  lead,  dry  gently  upon  the  hot  plate,  wrap  with  the  test  lead  into 
the  form  of  a  ball  and  place  upon  the  cupel.  The  time  required  to 
prepare  the  sample  for  the  cupellation  is  15  to  20  minutes.  This 
method,  suggested  to  me  by  Mr.  F.  J.  Buel,  I  have  found  to  be  par- 
ticularly satisfactory  for  solutions  poor  in  gold  and  silver  and  not 
too  high  in  cyanide.  When  there  is  a  large  amount  of  free  cyanide 
present  the  results  are  sometimes  low.  Where  the  gold  and  silver 
content  of  the  solution  is  very  low  and  it  is  difficult  to  recover  the 
gold  bead,  which  is  sometimes  very  small,  it  is  sometimes  an  ad- 
vantage to  add  1  c.  c.  or  more  of  a  standard  silver  nitrate  solution 
before  precipitation.  The  silver  nitrate  will  be  precipitated  on  the 
lead  and  add  to  the  size  of  the. bead,  preventing  loss  on  cupellation. 
If  desired  to  estimate  the  silver,  one  can  deduct  the  value  of  the  silver 
nitrate  added. 

USE  OF  AMMETERS  AND  VOLTMETERS. 

It  is  absolutely  impossible  to  do  any  satisfactory  work  with  electri- 
cal precipitation  without  having  constantly  in  the  circuit  a  reliable 
ammeter  and  a  voltmeter  at  the  terminals  of  the  cell.  It  is  absolutely 
necessary  to  know  what  amount  of  current  is  passing  through  the 
solution.  When  these  instruments  are  used,  short  circuits  are  in- 
stantly detected  by  the  fall  of  potential  and  the  rise  in  amperes,  and 
it  is  desirable  to  record  these  results,  as  I  have  done,  to  know  what 
is  happening. 

ADVANTAGE  OF  USING  METRIC  VALUES. 

In  investigations  of  this  sort  it  is  important  to  express  results  in 
simple  form  and  to  arrange  the  simultaneous  variables  in  commen- 
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surate  units.  The  metallurgy  of  the  precious  metals  has  been  greatly 
retarded  by  the  antiquated  method  of  reporting  gold  and  silver  in 
ounces,  pennyweights,  and  grains  Troy,  with  other  variables  in 
pounds  avoirdupois  or  in  that  uncertain  unit,  the  ton,  which  may 
mean  either  the  short  ton  of  2,000,  the  long  ton  of  2,240,  or  the  metric 
ton  of  2,204.6  pounds.  The  American  custom  of  reporting  gold  in 
dollars  and  cents  is  not  much  better,  for  there  is  always  the  uncer- 
tainty as  to  whether  the  silver  has  been  figured  at  variable  current 
prices,  or  at  one  dollar  an  ounce.  The  natural  difficulties  of  the 
problem  are  numerous  enough.  No  one  who  has  endeavored  to  cor- 
relate work  done  in  Korea,  Australia,  South  Africa,  Mexico,  South 
America,  and  the  various  American  regions  can  fall  to  desire  the 
elimination  of  all  complexity  possible. 

The  use  of  the  metric  system,  estimating  large  values  in  metric 
tons  of  l,OQ0^idlograms,  and  small  values  in  kilograms,  grains,  or 
milligram^,  has  an  enormous  advantage.  Values  for  volumes  and 
specific  graidties  are  easily  converted  into  definite  weights  without 
the  uncertainties  of  the  various  incommensurate  English  units.  For 
instance,  if  g6|9  and  silver  are  reported  in  milligrams  per  100  c.  c.  of 
solution,  ten  tmies  that  number  gives  the  number  of  milligrams  per 
liter  (practically  per  kilogram)  and  the  number  is  at  once  the  num- 
ber of  grams  of  gold  and  silver  per  metric  ton  of  solution. 

If  the  milligram  weight  of  gold  per  100  c.  c  is  multiplied  by  $6.03 
we  have  approximately  the  assay  value  of  the  gold  solution  per  ton 
in  dollai^  and  cents.  If  the  milligram  weight  per  100  c.  c.  of  either 
gold  or  silver  be  multiplied  by  0.29166+,  the  number  of  ounces  per 
ton  of  2,000  poimds  will  result.  Or,  if  we  multiply  by  0.8  we  have 
the  approximate  number  of  ounces  of  metal  per  ton  of  solution. 

Of  these  methods  of  expressing  values,  the  most  useful  is  the 
expression  of  grams  of  gold  and  silver  per  metric  ton  of  solution. 
This  method,  already  widely  used  in  Mexico  and  in  most  Spanish- 
American  countries,  is  much  more  rational  than  the  one  used  in  this 
country. 

IS  COMMERCIAL  CHARCOAL  SATISFACTORY  FOR  PERVIOUS  ELECTRODES  ? 

In  order  to  settle  this  point,  commercial  oak  charcoal,  used  in  the 
laboratory  as  fuel,  was  tested  with  50  volts.  No  spark  resulted  and 
no  current  passed  as  measured  by  a  milliammeter.  One  piece  only 
that  had  evidently  been  overheated  showed  a  trace  of  a  spark  at  50 
volts.  This  piece  was  rejected  and  the  remaining  74  grams  was 
crashed  to  between  6  and  8  mesh  size  and  filled  into  a  box  having 
cheesecloth  sides.  This  was  made  a  cathode  by  inserting  a  graphite 
rod  connected  with  the  negative  pole.  One  gi*aphite  comb  anode  was 
used.    Three  liters  of  a  cyanide  of  silver  solution  with  0.1  per  cent 
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KCy  and  0.1  per  cent  KHO  were  then  circulated  through  the  box  for 
six  hours,  with  the  following  results : 

Results  of  test  tcith  oak-charcoal  cathode. 


Time, 
hoars. 

Volts. 

Ampere. 

Silver, 
mg.  per 
100  0.  c. 

0 

3 

6 

3.5 
3.5 
3.5 

0.060 
.055 
.062 

• 

126.64 
119.72 
106.02 

This  experiment  proved  beyond  a  doubt  that  such  charcoal  was 
practically  a  nonconductor.  The  silver  did  not  precipitate  on  the 
charcoal,  to  any  perceptible  extent,  but  came  down  firmly  on  the 
graphite  conducting  rod,  and  collected  slightly  between  the  grains 
of  charcoal.  There  may  have  been  some  chemical  action  by  the 
charcoal,  but  none  was  visible,  it  came  out  as  black  as  when  it  went 
in.  The  charcoal  not  only  did  not  help  but  actually  hindered  and 
acted  as  would  so  much  nonconducting  sand  adding  to  the  electric 
resistance. 

RESULTS    OF    TEST    WIIH    EXCELSIOR    CHARCOAL    CATHODES. 

Three  liters  of  0.1  per  cent  KCy  solution  containing  0.1  per  cent 
KHO,  was  treated  with  a  single  pervious  cathode  of  10  grains  of 
excelsior  charcoal,  which  had  been  ignited  at  a  low  yellow  heat.  The 
solution  was  not  as  strong  as  had  been  used  before,  but  all  other 
conditions  were  similar.    The  results  were  as  follows : 

^  Results  of  test  with  excelsior-charcoal  cathodes. 


Time, 
hours. 

Volts. 

Ampere. 

KCy 
oonterit, 
percent. 

Silver, 
mg.  per 
100  e.  c. 

0 

1 

2 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

0.276 
.320 
.360 
.285 
.258 
.249 

0.097 
.1055 
.1195 
.1430 
.138 
.111 

74.36 

.32 
.10 
.05 

The  precipitation  was  practically  complete  in  four  hours,  which  is 
in  decided  contrast  with  the  results  shown  of  the  previous  experiment. 
The  high  current  with  the  low  voltage  was  due  to  the  high  electrical 
conductivity  of  the  excelsior  charcoal. 


TO  WHAT  EXTENT  DOES  EXCELSIOR  CHARCOAL  ALONE  PRECIPITATE  SILVER? 

In  this  experiment  3.3  liters  of  0.1  per  cent  KCy  solution,  contain- 
ing 0.1  per  cent  KHO,  were  circulated  through  14  grams  of  excelsior 
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charcoal  with  no  electric  current  passing.    The  results  were  as  fol- 
lows: 

Re9ult8  of  test  toith  excelsior-charcoal  cathode  and  no  electric  current. 


Time, 
hours. 

Volt. 

Ampere. 

KCy  ooD- 

tentiper 

cent. 

Saver,liig. 
per  100  C.C. 

0 
2 

4 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.0095 
.0065 
.0945 
.0035 
.0935 

124.40 
122.64 
120.78 
119.84 
110.86 

The  14  grams  of  excelsior  charcoal  had  precipitated  about  1  per 
cent  of  its  own  weight  of  silver.  The  loss  of  cyanide  was  small  and 
no  regeneration  occurred  as  in  the  experiment  in  which  electric  cur- 
rent was  employed. 

LOSS  OF  OYANIDE  ON  CIRCULATING  THE  SOLUTION. 

Following  the  previous  investigation,  experiments  were  imder- 
taken  to  ascertain  whether  a  loss  of  cyanide  occurred  from  circulat- 
ing the  solution  with  the  centrifugal  pump.  It  was  found  that  no 
such  loss  took  place  in  the  circulating  solution  when  no  electric  cur- 
rent was  passing,  provided  protective  alkali  was  present,  but  that 
with  no  alkali  a  slight  loss  of  cyanide  occurred  in  eight  hours,  evi- 
dently due  to  the  presence  of  carbonic  acid  from  the  air. 

The  cyanide  titration  each  hour  gave  the  following  results: 

Results  of  test  for  cyanide  loss  from  circulation. 

Cyanide, 
per  cent. 

Beginning  of  test 0. 1 

End  of  first  hour ^ .099 

End  of  second  hour .  0985 

End  of  third  hour : .  0975 

End  of  fourth  hour ,  0965 

End  of  fifth  hour .  0955 

End  of  sixth  hour .0945 

End  of  seventh  hour .0935 

End  of  eighth  hour .0930 


EXPERIMENT  nXUSTKATING  tTSE  OF  SIMPLE  PERVIOUS  CATHODES. 

An  experiment  was  undertaken  to  show  the  recovery  of  silver  and 
of  cyanide  of  potassium  from  a  rich  solution.  Only  four  simple 
pervious  cathodes  were  used.  The  current  gap  was  half  an  inch. 
The  total  length  of  electrodes  in  the  box  was  9|  inches,  and  the 
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active  cross  section  of  the  cathodes  was  1  square  decimeter,  or  one- 
nmth  square  foot,  which  is  the  active  cross  section  of  the  electrodes 
in  the  following  experiments. 

The  precipitation  in  four  hours  was  92.24  per  cent  of  the  silver, 
whereas  the  cyanide  content  increased  by  0.090  per  cent.  A  deposi- 
tion box  constructed  on  the  same  scale  and  holding  1  ton  of  solution, 
at  the  same  rate,  would  have  treated  36  tons  in  24  hours,  and  would 
have  precipitated  92.24  per  cent  of  the  silver. 

RECOVERY  OP  CTANn>E. 

I 

The  experiment  was  conducted  with  four  simple  pervious  cathodes 
each  1  inch  thick,  and  with  a  half -inch  current  gap.  The  cathodes 
were  of  excelsior  charcoal  and  had  a  total  nominal  area  of  8  square 
decimeters,  or  eight-ninths  square  foot,  but  the  actual  surface  area, 
which  was  incalculable,  was  much  greater.  The  rate  of  flow  was  2.4 
liters  per  minute.  The  current  density  was  less  than  2  amperes  per 
square  foot.  The  solution  was  one  of  KAgCyj,  and  contained  24 
grams  of  silver.    The  results  are  shown  in  the  following  table : 

Results  shouHng  the  progressive  regeneration  of  cyanide. 


Hours. 

Volts. 

Amperes. 

Silver  content. 

KCyper 
cent. 

Mit.per 
100  c.  c. 

Ounces 
per  ton. 

0 

1 
2 

8.5 
3.5 
3.5 
3.5 
8.5 
8.5 
8.5 
3.5 

2,0 

1.0 

2.15 

2.32 

2.25 

2.2 

2.05 

2.00 

120. 15 

05.68 

68.26 

37.10 

9.48 

1.15 

.08 

.02 

85.06 

27.80 

19.90 

10.85 

2.77 

.34 

.02 

.006 

0.099 
.118 
.140 
.168 
.188 
.182 
.170 
.154 

The  preceding  table  shows  that  the  most  economical  point  at  which 
to  stop  the  precipitation  was  reached  in  four  hours,  for  at  that  time, 
with  only  four  cathodes,  92.24  per  cent  of  the  silver  was  precipitated 
and  the  cyanide  had  increased  from  0.099  per  cent  to  0.188  per  cent, 
or  about  90  per  cent.  The  amount  treated  was  20  liters,  or  6  times 
the  volume  of  the  box,  giving  a  capacity  of  26  tons  per  24  hours  for 
a  1-ton  box.  A  further  analysis  of  the  results  of  the  above  experi- 
ment is  shown  in  the  following  table : 
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AndlyMis  of  results  of  experiment  ioith  simple  pervious  cathodes. 


1 

1 

Volume 
ofsolu- 

tian 

treated, 

liters. 

• 

SUver  deposited. 

Average 
ampere- 
hours. 

Theoret- 
ical 
weight 
of  stiver 
depca- 
ItedT 

Ampere 

hooreffl- 

cioncy, 

percent. 

KCy, 
percent. 

KCy,  gain  or  loss. 

Time, 
'  hoars. 

*&r 

Onuns. 

Hourly, 
grams. 

Total 
gain  or 

loss, 
grams. 

1 
2 
3 

4 

19.79 
19.68 
19.57 
19.46 

19.35 
19.24 
19.13 

244.7 
374.2 
310.7 
377.1 

83.3 

10.7 

.6 

4.843 
6.369 
6.081 
6.391 

1.612 
.206 
.011 

1.95 
2.005 
2.236 
2.285 

2.225 
2.125 
2.025 

1 

7. 868 
8.070 
9.018 
9.230 

8.978 
8.674 
8.171 

61.53 
66.70 
66.73 
67.58 

17.95 

2.40 

.13 

+0.019 
+  .022 
+  .028 
+  .020 

-  .006 

-  .012 

-  .016 

+3.79 
+4.33 
+5.48 
+4.28 

+17.88 
-  6.63 

5 
5 
7 

-1.1(J 
-2.31 
-3.06 

The  preceding  table  shows  that  the  ampere-hour  efficiency  is  high 
for  the  first  four  hours,  and  that  if  the  action  had  been  stopped  92.24 
per  cent  of  the  silver  would  have  been  recovered.  The  efficiency  of 
silver  deposition  was  still  fair  in  the  fifth  hour.  For  the  entire 
seven  hours  the  silver  precipitation  was  99.98  per  cent.  The  last  two 
or  three  hours  are  seen  to  have  been  wasteful  of  the  electric  current. 
The  increase  in  current  at  constant  voltage  is  probably  brought  about 
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HOURS 

I'lQuu  36. — Electrodeposltion  results  with  moderately  rich  gold  solution ;  4  simple 
pervious  cathodes,  each  1  Inch  thick  and  containing  14  grams  "  excelsior  *'  char- 
coal, and  5  Acheson-graphlte  comb  anodes,  each  with  4  4-lnch  rods.  Length  of 
box  occupied,  91  Inches,  cross  section  1  square  decimeter,  8  cathode  faces.  Voltage, 
Si,  i-inch  current  gap.  Solution,  20  liters,  contained  20  grams  KCy,  20  grams  KHO, 
194  mg.  Au  as  KAuCya.    Bate  of  flow,  8  liters  per  minute.    Compare  with  fig.  87. 

by  increased  conductivity  of  the  charcoal  due  to  the  deposited  metal 
on  it,  and  the  final  fall  marks  the  point  when  the  silver  was  nearly 
all  deposited  from  solution. 

TREATMENT  OF  A  GOLD  CYANIDE  SOLUTION  OF  MODERATE  RICHNESS. 

An  experiment  was  conducted  with  gold  cyanide  solution  instead 
of  silver  cyanide  solution,  but  all  other  conditions  were  identical 
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with  the  preceding  one.  The  original  content  of  the  solution  was 
$5.85  in  gold  a  ton.  The  results  are  shown  in  figure  36  and  in  th( 
following  table : 

Results  of  experiment  ivith  gold  solution. 


Hours. 

1 

Volts. 

Axnpcros. 

Gold,  milli- 
grams per 
100  c.  c. 

Gold  per 
ton. 

KCy, 
percent. 

0 

3.5 

2.5 

0.97 

S5.85 

a097 

1 

3.5 

i:6 

.66 

4.02 

.089 

2 

3.5 

1.47 

.14 

.84 

.081 

3 

3.5 

1.3S 

.005 

.03 

.0735 

4 

3.6 

L29 

Trace. 

Trace. 

.0675 

5 

3.5 

L25 

Trace. 

Trace. 

.061 

6 

3.5 

L19 

Tn.co. 

Trace. 

.0515 

7 

3.5 

1.18 

Trace. 

Trace. 

.0485 

8 

3.5 

1.14 

Trace. 

Trace. 

.0425 

Evidently  there  was  no  advantage  in  continuing  after  the  first  three 
hours,  as  3-cent  tailings  are  sufficiently  low.  While  a  regeneration  of 
cyanide  is  possible  from  rich  silver  solutions,  it  is  not  usually  pos- 
sible with  such  gold  solutions  as  occur  in  practice.    A  steady  loss 


A 
HOURS 

Fiouas  S7. — Electrodeposition  results  with  moderately  rich  gold  solution ;  six  compound 
pervious  electrodes,  each  1  inch  thick  and  containing  14  grams  "  excelsior  *'  charconl, 
and  1  Acheson^graphite  anode.  Length  of  electrodes,  9i  inches ;  six  cathode  faces ; 
Biz  i-lnch  current  gap  at  3.5  volts,  21  volts  in  aU.  Solution  and  rate  of  flow,  same 
as  in  fig.  80. 

of  cyanide  occurs  with  these,  nearly  proportional  to  the  time,  but 
increasing  somewhat  with  the  decrease  of  gold. 

EXPEBIMENT  WITH  USE  OF  COMPOUND  PEBVI0U8  KLECTBODE8. 

A  duplicate  of  the  preceding  experiment  in  all  conditions  other 
than  that  compound  pervious  electrodes  were  employed  was  next 
conducted.    (See  fig.  37;  compare  with  fig.  36.)    The  five  compound 
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pervious  cathodes  were  each  1  inch  thick.  The  length  of  the  elec- 
trodes in  the  box  was  &J  inches.  In  this  experiment  there  were  only 
six  cathode  faces  instead  of  eight,  as  before.  The  current  gap  was 
one-half  inch.  The  six  current  gaps  at  3^  volts  amounted  to  21 
volts.  In  three  hours  98  per  cent  and  in  four  hours  99  per  cent  of 
the  gold  was  precipitated  at  a  capacity  of  24  tons  per  24  hours  in  a 
1-ton  box. 


RECX)VEHT  OF  SILVER  AND  REGENERATION  OF  CTAKIDE. 

A  similar  experiment  was  further  undertaken  to  illustrate  the 
recovery  of  silver  and  also  the  recovery  of  cyanide.  In  the  experi- 
ment six  compound  pervious  electrodes  were  used,  each  1  inch  thick 
and  containing  14  grams  of  charcoal,  and  one  simple  pervious  Ache- 
son-graphite  anode.  The  six  current  gaps  were  one-half  inch  each. 
The  length  of  box  was  9^  inches,  and  the  solution  was  20  liters  in 
volume,  containing  20  grams  KCy,  20  grams  KHO,  and  silver  In  the 
form  of  KAgCyg.    The  results  were  as  follows : 

Results  of  experiment  to  show  recovery  of  silver  and  cyanide  regeneration. 


Hours. 

Volts. 

Ampere. 

Sflver. 

KCy, 
Percent 

MUlIsrams 
per  lOOcc. 

Ounces 
per  ton. 

0 

21 
21 
21 
21 
21 
21 
21 
21 
21 
21 

0.730 
.709 
.601 
.622 
.500 
.820 
.820 
.813 
.750 
.740 

125.29 

86.97 

44.86 

16.21 

1.68 

126.95 

79.60 

30.36 

5.38 

.38 

36.6 

25.37 

13.01 

4.72 

.48 

87.00 

23.21 

8.85 

1.57 

.11 

0.0985 
.1240 
.1570 
.1796 
.1830 

1 

2 

3 

4 

Added  KAgCyt 

5,.... 

.219 
.252 
.251 
.236 

6 

7 

8 

The  table  shows  that  during  the  first  four  hours  there  was  recov- 
ered 98.69  per  cent  of  the  silver  from  the  36.6  ounces  present  and 
0.0845  per  cent  of  the  KCy,  not  allowing  for  samples.  During  the 
second  four  hours  99.7  per  cent  of  the  silver  was  recovered  from  the 
37  ounces  present,  and  0.053  per  cent  of  the  KCy. 

EFFECT  OF  CURRENT  GAP. 

Some  experiments  were  undertaken  to  determine  the  effect  of 
current  gap  upon  capacity.  In  these  tests  the  electrodes  were  one- 
half  inch  thick  and  were  filled  with  excelsior  charcoal.  In  the  ex- 
periment in  wliich,  for  example,  the  current  gap  was  one-half  inch, 
each  box  was  one-half  inch  thick,  being  filled  with  charcoal  filaments, 
and  had  on  the  outside  a  one-fourth  inch  cover,  in  such  a  way  that 
two  of  these  one-fourth  inch  covers  were  face  to  face,  making  a 
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current  gap  of  one-half  inch.  The  maximum  capacity  for  a  95.5 
per  cent  precipitation  with  one-half  inch  current  gaps  was  found 
to  be  only  48  tons  for  a  1-ton  box  in  24  hours.  With  the  one- 
fourth  inch  current  gap  the  maximum  capacity  for  95.8!  per  cent 
precipitation  was  144  tons,  or  nearly  three  times  as  great.  The 
length  of  electrodes  in  these  experiments  was  9|  inches.  There  were 
in  the  first  experiment  eight,  current  gaps  of  one-half  ii^ch  at  ^ 
volts,  making  a  total  of  28  volts.  In  the  second  experiment  there 
were  11  current  gaps  of  one-fourth  inch  each  at  ^  volts,  making 
a  total  of  88  volts. 

The  results  of  the  two  experiments,  for  which  curves  of  precipita- 
tion are  shown  in  figures  38  and  39,  are  well  worth  careful  study 
and  comparison.  I  strongly  advise  that  the  attempt  be  made  to  use 
the  smaller  current  gap  wherever  it  is  possible  to  do  so. 

EFFECT  OF   LIMJi  ON    SILVER   PRECIPITATION. 

An  experiment  was  conducted  to  determine  the  effects  of  lime  on 
the  precipitation,  the  solution  Containing  cyanide  of  silver  and  free 
KCy.  Compofeftid  pervious  electrodes  were  used  and  one  simple 
pervious  Acheson-graphite  con^b  anode.  There  were  11  cells,  each 
one-half  inch  thick,  and  11  one-quarter-inch  current  gaps  of  3J 
volts  each,  giving  38^  volts  for  the  11  boxes.  The  20  liters  of  solution 
contained  20  grams  of  KCy,  and  10.2  grams  of  CaO,  together  with 
24.43  grams  of  alver  as  KAgCyj.  No  caustic  soda  or  potassa  was 
present.  The  precipitation  was  93.5  per  cent  complete  at  the  rate 
of  144  tons  per  1-ton  box  for  24  hours,  and  99.5  per  cent  complete  at 
the  rate  of  72  tons  per  1-ton  box  in  24  hours.  The  results  are  shown 
in  figure  40. 

It  is  evident  from  the  fall  in  the  content  of  protective  alkali  that 
the  caustic  lime  was  partly  converted  into  cyanide  of  calcium.  It 
was  noticed,  further,  that  the  fall  in  protective  alkali  was  coincident 
with  the  rise  in  free  cyanide,  and  that  when  the  silver  cyanide  ceased 
to  be  precipitated  the  protective  alkali  remained  nearly  constant. 
When  a  new  charge  of  cyanide  of  silver  was  added  the  protective 
alkali  again  fell  and  the  free  cyanide  increased.  The  regeneration 
of  free  cyanide,  in  short,  was  at  the  expense  of  the  protective  alkali. 
These  results  are  shown  by  the  curves  in  figure  40.  No  remark  need 
be  made  other  than  that  needed  to  call  attention  to  the  rate  of  pre- 
cipitation, which  was  93.5  per  cent  in  one  hour,  whereas  the  capacity 
was  at  the  rate  of  144  tons  a  day.  Furthermore,  at  the  rate  of  72 
tons  a  day,  99.5  per  cent  precipitation  was  obtained. 

SIMPLE  PERVIOUS  CATHODES  WIFH  SILVER  CYANIDE  AND  LIMB. 

A  test  was  made  in  which  there  were  employed  six  simple  pervious 
charcoal  cathodes  'and  six  simple  pervious  Acheson-graphite  comb 
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anodes  as  electrodes;  20  liters  of  solution  containing  20  grams  KCy, 
9.52  grams  CaO  or  0.476  per  cent  CaO,  38.714  grams  silver  in  the 
form  of  KAgCy,,  and  current  gaps  of  one- fourth  inch  and  a  voltage 


FIOURB  88. — Electrodeposltlon  results  with  rich  sUver  solntion, 
using  i-lnch  current  gaps.  Eight  compound  pervious  charcoal 
electrodes,  each  one-half  inch  thick;  length  of  hoz  occupied,  9i 
Inches;  cross  section,  1  square  decimeter.  Bight  current  gaps 
at  8i  Tolts,  28  volts  in  aU.  One  Acheson-graphlte  comb  anode. 
Solution,  20  liters,  contained  20  grams  KCy,  20  grams  KHO, 
and  24.016  grams  Ag  as  KAgCya.  Bate  of  flow  not  recorded; 
high.  Note  gain  in  KCy  while  Ag  Is  helng  precipitated;  loss 
afterwards 

of  ^.    The  cross  section  of  the  box  containing  the  electrodes  was  1 
square  decimeter,  and  the  total  length  was  9^  inches. 

On  plotting  the  results  it  was  found  that  the  amount  of  silver  in 
solation  closely  followed  the  protective  alkalinity.     Thus  as  the 
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silver   is   removed    the   content   of   protective    alkali    diminishes 
while  at  the  same  time  the  free  cyanide  increases.    Certain  irreg 

ularities  in  the  conditions  o: 
test,  due  to  the  lack  of  suffi 
cient  free  cyanide  of  potassiun 
to  keep  in  solution  all  the  silvei 
cyanide  that  was  deposited  oi 
the  anodes,  caused  resistance; 
that  made  the  current  irregular 
The  blowing  out  of  a  fuse  als( 
caused  some  irregularity,  and  it 
is  probable  that  there  was  som< 
variation  in  the  amperes,  due  h 
part  to  short  circuits.  However 
the  precipitation  from  the  ricli 
solution,  notwithstanding  these 
irregularities,  was  foimd  to  b* 
very  satisfactory. 

In  four  hours  the  precipitation 
was  99.74  per  cent,  the  capacity 
being  at  the  rate  of  36  tons  for 
a  1-ton  box  in  24  hours.  For  a 
three-hour  period  the  precipita- 
tion was  92.85  per  cent,  the  ca- 
pacity being  at  the  r^tte  of  48 
tons  per  day  for  a  1-ton  box. 

The  solution  employed  was 
probably  as  rich  as  would  ever 
have  to  be  precipitated  in  prac- 
tice. Each  of  the  six  electrode 
boxes  held  4.66  grams  of  excel- 
sior charcoal,  or  28  grams  in  all. 
The  ash  from  this  charcoal,  in- 
cluding the  silver,  the  lime,  etc., 
weighed  47.59  grams.  After  the 
soluble  salts  were  removed  with 
dilute  hydrochloric  acid  the  resi- 
due— ^silver  and  insoluble  silica- 
weighed  39.35  grams  as  against 
38.714  grams  of  silver  contained 
in  the  original  solution.  Hence 
there  was  soluble  in  hydrochloric 
acid  8.24  grams  of  substance,  in- 
cluding the  hydrates  and  carbonates  of  lime  and  potassa  and  the 
soluble  constituents  of  the  ash. 


B  8 

H0UB8 


FiouRB  89. — BHectrodeposltlon  results  with 
rich  silver  solution,  using  i-inch  current 
gaps.  One  Acheson-graphite  anode,  10 
compound  pervious  charcoal  electrodes, 
9i  inches  long;  cross  section,  1  square 
decimeter ;  1  simple  pervious  charcoal 
cathode.  Eleven  current  gaps,  at  8i 
volts,  or  88i  volts  In  all.  Solution,  20 
liters,  contained  20  grams  KCy,  20  grams 
KHO,  23.7  grams  Ag  as  KAgCya,  and  no 
lime.  Electrodes  choked'  with  silver ; 
grade  Increaesd  from  I  inch  to  li  inches 
per  foot ;  rate  of  flow  cut  from  3.5  to  0.2 
liters  per  minute  (210  to  150  per  hour)  ; 
velocity,  18.8  to  7.9  inches  per  minute. 
Note  Increase  in  capacity  compared  with 
fig.  88.  * 
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FiGUBE  40. — Electrodepogltlon  results  showing  effect  of  Ume  on  the  precipitation.  One 
simple  and  10  compound  pervious  electrodes,  each  one-half  inch  thick  and  containing 
91  grams  charcoal,  104  grams  in  all.  Eleven  one-fonrth-lnch  current  gaps  at  3i  volts, 
38i  volts  in  all.  Solution,  20  liters,  contained  20  grams  KCy,  10.2  grams  (0.051  per 
cent)  CaO,  and  24.48  grams  of  silver  as  KAgCys ;  24.43  grams  of  silver  as  KAgCy*  was 
added  at  41  hours ;  no  NaHO  used.  Rate  of  flow,  5  liters  per  minute ;  velocity,  about 
19.7  inches  per  minute. 
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PRECIPITATION  OF  GOLD  FOLLOWING  THE  PRECIPITATION  OF  SILVER. 

An  interesting  experiment  was  made  in  which  two  successive 
charges,  the  first  of  silver  cyanide  and  the  second  of  gold  cyanide, 
were  treated  in  the  same  box.  The  electrodes  were  already  coated 
with  silver  and  therefore  were  in  excellent  condition  for  conduct- 
ing the  current  and  depositing  the  gold,  which  was  addecl  from  a 
cyanide  solution  containing  $24.36  per  ton.  In  one  hour  98.27  per 
cent  of  the  gold  was  precipitated,  the  capacity  for  a  1-ton  box  being 
at  the  rate  of  112  tons  per  24  hours.  The  results  are  shown  in 
Plate  V. 

It  is  evident  from  the  precipitation  curves  that  no  good  purpose 
was  served  in  continuing  the  precipitation  more  than  two  houre,  for 
when  this  was  done  cyanide  was  lost  and  little  gold  precipitated. 
The  precipitation  curves  are  found  to  be  all  logarithmic  ones,  and 
the  precipitation  extremely  rapid  at  first,  but  slow  toward  the  last. 
The  economical  period  of  the  precipitation  is  therefore  the  first 
few  hours,  and  this  factor  should  be  made  use  of  to  the  fullest  extent 
possible. 

In  conducting  the  experiment  one  simple  pervious  charcoal  anode 
with  graphite  rod  was  used  and  13  compoimd  pervious  electrodes, 
each  containing  10  grams  of  excelsior  charcoal.  A  cathode  of  the 
simple-pervious  type  containing  8  grams  of  excelsior  charcoal  was 
used.  There  were  14  current  gaps,  each  one-fourth  inch.  The  volt- 
age between  electrodes  was  3^  and  the  total  voltage  49.  The  elec- 
trodes were  1  square  decimeter  in  area  and  the  length  of  the  box  13 
inches.  The  solution,  20  liters  in  volume,  contained  20  grains 
NaHO,  20  grams  KCy,  24.07  grains  silver  as  KAgCy,.  The  rate 
of  flow  was  13.8  inches  per  minute. 

At  the  end  of  one  hour  87.2  per  cent  of  the  silver  was  precipitated. 
Hence  the  capacity  of  the  box  for  a  1-hour  treatment  is  4.67  times 
24,  or  112  tons  for  a  1-ton  box  in  24  hours.  In  1  hour  and  30 
minutes  there  was  98.70  per  cent  precipitated;  the  capacity  was 
4.67  times  18  or  84  tons  for  a  1-ton  box.  In  two  hours  99.78  per 
cent  was  precipitated,  hence  the  capacity  for  a  2-hour  treatment 
was  4.67  times  12,  or  66  tons  for  a  1-ton  box. 

At  the  end  of  this  experiment  0.808  gram  of  gold  in  the  form  of 
KAuCya  and  0.686  gram  of  silver  as  KAgCyj  were  added  to  the. 
solution  without  removing  the  electrodes  and  the  current  was 
started  as  before.*  The  remarkably  good  results  shown  for  gold  are 
probably  due  to  the  fact  that  the  cathodes  were  already  coated 
thoroughly  with  metallic  silver,  which  made  them  an  excellent  con- 
ductor and  facilitated  the  precipitation  of  the  gold. 

In  the  first  hour  there  was  precipitated  98.27  per  cent  of  all  the 
gold  present.    Hence  the  capacity  of  the  box,  which  contains  4.28 
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liters,  would  be  4.67  times  24,  or  112.08,  tons  for  a  1-ton  box  in  24 
hours.  At  the  end  of  the  first  two  hours  99.75  per  cent  of  the  gold 
was  precipitated,  making  the  capacity  of  the  box  equal. to  4.67  times 
12,  or  56.04,  tons  for  a  1-ton  box  in  24  hours.  It  will  be  noticed  that 
there  was  no  advantage  in  running  after  the  first  two  hours,  as  the 
amount  of  gold  left  at  the  end  of  that  time  was  only  6  cents  per 
ton.  This  content  was  reduced  in  the  full  three  hours  to  IJ  cents, 
but  it  was  accomplished  at  the  cost  of  destroying  the  total  remaining 
cyanide.  The  desirable  point  at  which  to  stop  the  precipitation  is 
thus  seen  to  have  been  probably  after  the  first  or  second  hour. 

THE  DIRECT  USB  OF  A  110-VOLT  CIRCUIT. 

An  experiment  was  tmdertaken  to  illustrate  a  mode  of  utilizing 
a  110- volt  circuit,  in  which,  for  the  purpose,  two  13-inch  boxes  such 
as  I  have  described  were  placed  in  series.  These  were  given,  in  the 
first  part  of  the  experiment,  a  total  tension  of  98  volts,  having  alto- 
gether 28  current  gaps  at  3|  volts  each.  The  result,  as  regards  pre- 
cipitation, was  very  satisfactory.  During  the  first  half  hour  there 
vas  precipitated  93  per  cent  of  the  silver,  giving  a  capacity  of  112 
tons  for  a  1-ton  box.  At  the  end  of  the  first  hour  99.8  per  cent  was 
precipitated. 

The  positive  current  was  introduced  by  a  simple  pervious  anode. 
Its  course  was  through  1*3  compound  pervious  electrodes,  out  through 
a  simple  pervious  cathode  to  a  simple  pervious  anode  at  the  head 
of  the  second  box,  and  thence  through  13  compound  pervious  elec- 
trodes to  a  simple  pervious  cathode.  To  adjust  the  voltage  a  resist- 
ance similar  to  that  shown  in  Plate  IV,  A^  containing  twenty  32- 
candlepower  incandescent  lamps  connected  in  parallel,  was  put  in 
series  with  the  cells.  As  there  were  28  current  gaps  in  the  two 
boxes  at  3.5  volts,  the  total  voltage  was  98  volts. 

In  starting  the  experiment,  all  of  the  twenty  32-candlepower  lamps, 
connected  in  parallel,  were  placed  in  series  behind  the  box.  This 
gave  at  the  start  98  volts.  First  one  and  then  a  second  of  these 
lamps,  and  so  on,  were  disconnected,  to  adjust  the  voltage  and  to 
produce  the  effect  wanted.  The  total  length  of  electrodes  in  the 
two  boxes  was  24  inches;  the  current  gaps  were  each  one- fourth  inch. 
Twenty  liters  of  solution,  containing  20  grams  KCy  and  20  of 
KHO,  was  used.    The  results  are  shown  in  figure  41. 

In  the  first  half  hour,  at  98  volts,  93  per  cent  of  the  silver  was  pre- 
cipitated, the  capacity  being  equivalent  to  112  tons  for  a  1-ton  box 
for  24  hours.  At  the  end  of  the  first  hour,  at  98  volts,  99.8  per  cent 
was  precipitated,  the  corresponding  capacity  being  56  tons  for  a  1-ton 
box  in  24  hours.  During  the  second  hour,  at  60  volts,  98  per  cent  was 
precipitated,  and  the  capacity  would  be  56  tons  for  a  1-ton  box.    The 
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rate  of  precipitation,  however,  had  nearly  reached  the  maximum, 
with  the  60-volt  charge,  at  the  end  of  the  fourth  hour,  'then  fell 
slightly  below  ^96  per  cent  in  one  hour,  but  at  the  end  of  the  sixth 
hour  was  99.85  per  cent. 

PBECIPrrATION   OF  BICH  GOLD  AND  SILVER  SOLtmONS  IS  THE  PBESEXCi: 

OF  LIME. 

An  experiment  was  undertaken  to  determine  the  effect  of  caustic 
lime  (CaO)  on  the  precipitation  both  of  gold  and  silver  from  strong 
cyanide  solutions.    The  results  are  shown  in  Plate  VI. 

The  solution  contained  about  1^  ounces  of  gold  and  1  ounce  of 
silver.'  A  single  box  with  14  one- fourth  inch  current  gaps  was  used. 
The  results  are  to  be  compared  with  those  shown  in  figure  41,  where 
the  precipitation  was  more  rapid  on  account  of  the  electrodes  having 
been  previously  coated  with  silver  and  on  account  of  the  absence  of 
lime. 

In  treating  such  rich  solutions  there  is  no  necessity  of  reducing 
the  gold  content  much  lower  than  90  per  cent,  as  the  solution  is  used 
over  and  over  again.  The  presence  of  a  small  amount  of  gold  in  the 
leaching  solution  has  no  bad  effect  on  the  extraction.  The  most 
economical  results  are  obtained  in  that  way.  A  careful  examination 
of  the  curves  shows  the  point  at  which  to  stop  in  any  given  experi- 
ment. 

The  13-inch  box  contained  1  simple  pervious  anode,  13  compound 
pervious  electrodes,  and  1  simple  pervious  cathode.  Each  of  the  15 
electrode  boxes  contained  10  grams  of  excelsior  charcoal.  The  total 
length  of  electrodes  was  12  inches,  the  cross  section  being  1  square 
decimeter,  or  one-ninth  square  foot.  The  14  current  gaps,  of  one- 
fourth  inch  each,  at  3.5  volts,  required  49  volts.  Twenty  liters  of 
solution  were  treated,  containing  40  grams  of  KCy,  0.808  gram  of 
gold  as  KAuCyz,  0.636  gram  of  silver  as  KAgCyj,  and  10.92  grams 
of  Caa 

During  the  first  hour  89.4' per  cent  of  the  gold  was  precipitated, 
in  which  time  the  box  treated  4.67  times  its  content  of  solution,  mak- 
ing the  capacity  equivalent  to  112  tons  in  24  hours  for  a  1-ton  box. 
During  the  second  hour  97.3  per  cent  of  the  gold  was  precipitated, 
giving  a  corresponding  capacity  of  56  tons.  At  the  end  of  three  and 
one-half  hours  98.4  per  cent  of  the  gold  was  precipitated,  the  capacity 
corresponding  to  this  rate  being  36.5  tons.  The  second  charge  was 
treated  four  hours,  in  which  time  the  gold  precipitation  was  99.5 
per  cent.  The  corresponding  capacity  of  a  1-ton  box  would  be  28 
tons  of  solution  in  24  hours. 
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EXAMPLE  OF  CLEAN-UP  FROM  SILVER  SOLUTIONS. 

Three  charges  of  silver  of  23.59  grains  each  in  the  form  of  KAgC^ 
making  a  total  charge  of  70.77  grams  of  silver,  were  run  through  the 
deposition  box.  There  were  used  1  simple  pervious  anode  of  excelsior 
charcoal,  13  compound  pervious  electrodes^  and  1  simple  pervious 
cathode,  each  containing  8  grams  of  charcoaL 

The  solution  after  treatment  amtained  0.63  mg.  silver  per  100  c.  c, 
there  being  left  in  the  20  liters  of  solution  0.126  grams.  The  char- 
coal  of  the  cathode  was  thoroughly  gorged  with  silver.  The  up- 
stream or  cover  side  of  the  cathode  is  shown  in  Plate  IV,  B  (p.  143), 
the  cheesecloth  being  covered  with  a  mass  of  pure  crystals  of  silver. 
The  deposit  had  so  extended  that  there  was  danger  of  shortH^ircuiting. 

Plate  VII  shows  the  reverse  side  of  this  cover.  Here  the  cheese- 
cloth is  seen  to  support  a  mass  of  silver  crystals,  together  with  frag- 
ments of  excelsior  charcoal,  coated  with  silver.  The  silver  on  this 
cover  was  very  easily  removed  by  sending  and  brushing  under 
water. 

Plate  VIII  shows  the  interior  of  the  cathode  box.  The  graphite 
conducting  rod  is  seen  to  be  covered  with  a  loosely  adhering  coating 
of  silver  crystals.  The  charcoal  in  the  box  is  seen  to  be  thoroughly 
coated  with  silver,  the  weight  of  silver  beii^  more  than  three  times 
that  of  the  charcoal.  The  charcoal  in  the  compound  pervious  elec- 
trodes, as  usual,  was  not  so  densely  plated  as  at  the  cathode  at  the 
end  of  the  box.  The  total  result  of  the  clean-up,  consisting  of 
70.644  grams  and  4.956  grams  of  ash,  was  as  follows:  From  the 
simple  anode,  25.3  grams;  from  the  14  compound  pervious  electrodes, 
cathode  side,  46.2  grams;  from  the  14  anode  sides,  4.1  grams. 


BACK  OF  COVER.    SIMPLE  PERVIOUS  CATHODE  NEARLY  CHOKEDWITH  SILVER. 


PUBLICATIONS  ON  METALLURGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  ecBtion  is  exhausted.  Requests  for  all  publications  can  not  be 
grmtedj  and  to  insure  equitable  distribution  applicants  are  requested 
to  liflut  their  selection  to  publications  that  may  be  of  especial  inter- 
est to  ihem.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

Tlks  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
alib  far  free  distribution  as  well  as  those  obtainable  only  from  the 
Si^Mciatendent  of  Documents,  Government  Printing  Office,  on  pay- 
nunt  0l  the  price  of  printing.  Interested  persons  should  apply  to 
thftjC^frector,  Bureau  of  Alines,  for  a  copy  of  the  latest  list 

FUBEJGATIONS   AVAJUUOJR  lOR   FBES   DISTSIBUTION'. 

BaMXmns  S4.  The  tltanU^oos  iron  ores  in  the  United  States ;  their  oomposi- 
tioa  ^oA  economic  valne,  by  J.  T.  Singewald,  Jr.    1913.    145  pp.,  16  pis.,  8  flga. 

Bis^agi^  07.  Electric  fm^iaces  for  making  iron  and  sted,  by  D.  A.  Lyon  aiid 
R.  iL^Keenegr.    1914.    142  pp.,  36  figs. 

^mVBrof  70.  A  preliminary  report  on  uraniam»  radiunit  and  Tanadiom,  by 
R.  Ik  Moore  and  K.  L.  Kithil.    1913.    100  Wf  2  pls.»  2  figs. 

BlpCGSfXEr  73.  Brass  furnace  practice  in  the  United  States,  by  H.  W.  GiUett 
Vn/L    S06  pp.,  2  pis.,  23  figs. 

Pltf4ypin  77.  The  electric  furnace  in  metaUurgieal  work,  by  D.  A.  1^00, 
B.  ||E,,|Em[I9,  and  J.  F.  Cullen.    1914.    216  pp.,  66  fl0i. 

Hauman  S4.  MetaUurgieal  smoke,  by  C.  H.  Fulton.    1916.    94  pp.,  6  pis.,  16 

fl».  ; 

Buuiwm  86.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
jem^WH  to  1913,  by  A.  O.  Fieidner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel 
Saa^Ml    1914.    444m>m  2figs. 

Bmuicm  100.  Manufacture  and  uses  of  alloy  steels,  by  H.  D.  Hibbard.    1916. 

Bttfcijirm  119.  Analyses  of  coals  purchased  by  the  Government  during  Urn 
flscil  years  1906-1916,  by  G.  S.  Pope.    1916.    64  pp.,  6  pis.,  2  figs. 

Tksbvxcai.  Pax>cb  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
and  A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  60.  Metallurgical  c(to,  by  A.  W.  Belden.  1918.  48  pp.,  1 
lA.,  28  figs. 

Technical  Papkb  76.  Notes  on  the  sampling  and  analysis  of  ooal,  by  A.  C. 
Fieldner.    1914.    69  pp.,  6  figs. 

Teghsical  PAPsa  86.  Ore-sampling  conditions  in  the  West,  by  T.  B.  Wood- 
bridge.    1&1&    96  pp.,  6  pis.,  17  figs. 
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Technical  Papkb  85.  Mining  and  milling  of  lead  and  zinc  ores  In  the  Wis- 
consin district,  Wisconsin,  by  G.  A.  Wright    1915.    S9  pp.,  2  pis.,  6  figa 

Technical  Pafeb  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watkins. 
1916.    86  pp. 

Technical  Paper  106.  Asphyxiation  from  blast-fornaoe  gas,  by  F.  H.  Willcox. 
1916.    79  pp.,  8  pis.,  11  figs. 

Technical  Pafeb  186.  Safe  practice  at  blast  furnaces,  a  manual  for  foremen 
and  men,  by  F.  H.  Willcox.    1916.    73  pp.,  1  pi.,  43  figs. 

Technical  Pafeb  157.  A  method  for  measuring  the  viscosity  of  blast-furnace 
slag  at  high  temperatures,  by  A,  L.  Feild.    1916.    29  pp.,  1  pL,  7  figs. 

Technical  Paper  177.  Preparation  of  f^rro-uranium,  by  H.  W.  GlUett  and 
B.  U  Mack.    1917.    46  pp.,  2  figs. 

Technical  Paper  187.  Slag-viscosity  tables  for  blast-furnace  work,  by  A.  L. 
Feild  and  P.  H.  Royster.    1918.    36  pp.,  1  fig. 

PUBLICATIONS   THAT   MAT   BE   OBTAINED  ONLY  THROUGH   THE   SUPERIN- 
TENDENT OF  DOCUMENTS. 

BuixEnN  3.-  The  coke  industry  of  the  United  States  as  related  to  the  foundry, 
by  Richard  Moldenke.    1910.    32  pp.    5  cents. 

Bulletin  7.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K. 
Clement,  L.  H.  Adams,  and  0.  N.  Raskins.    1911.    58  pp.,  1  pi.,  16  figs.    10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  fur- 
nace gases,  by  J.  O.  W.  Frazer  and  E.  J.  Hoffman.    1911.    22  pp.,  6  figs.    6  cents. 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  0.  A.  Davis. 
1911.    214  pp..  1  pi.,  1  fig.    30  cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  C.  L.  Parsons.  1912.  44  pp.  5 
cents. 

Bulletin  81.  The  smelting  of  copper  ores  in  the 'electric  furnace,  by  D.  A. 
I«yon  and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 

BuLuniN  91.  Instruments  for  recording  carbon  dioxide  In  flue  gases,  by  J.  P. 
Barkley  and  S.  R  Flagg.    1915.    60  pp.,  1  pi.,  25  figs.    10  cents. 

BuLLin'iN  97.  Sampling  and  analysis  of  fiue  gases,  by  Henry  Kreisinger  and 
F.  K.  Ovltz.    1915.    68  pp.,  1  pi.,  37  figs.    15  cents. 

Bulletin  98.  Report  of  the  Selby  Smelter  Ck)mm4sslon,  by  J.  A.  Holmes,  E.  C. 
Franklin,  and  R.  A.  Gould,  with  reports  by  associates  on  the  commissioners* 
stdff.    1915.    525  pp.,  41  pis.,  14  figs.    $1.25. 

BuLLsmN  108.  Melting  aluminum  chips,  by  H.  W.  Gillett  and  G.  M.  James. 
1916.    88  pp.    10  cents. 

Bulletin  116.  Methods  of  sampling  delivered  coal  and  si)eciflcatlons  for  the 
purchase  of  coal  for  the  Government,  by  G.  S.  Pope.  1916.  64  pp.,  5  pis.,  2  figs. 
15  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metallurgical 
nititerlala,  with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward 
Keller.    1916.    102  pp..  18  pis.,  31  figs.    20  cents. 

Technical  Papeb  31-  Apparatus  for  the  exact  analysis  of  flue  gas,  by  G.  A. 
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RECOVERY  OF  GASOLINE  FROM  NATURAL  GAS  BY 
COMPRESSION  AND  REFRIGERATION. 


By  W.  P.  Dykema. 


IFTEODUCTIOF. 

In  investigatiiig  the  general  problems  that  relate  to  the  petroleum* 
industry  in  the  United  States,  the  Bureau  of  Mines  has  given  con- 
siderable attention  to  the  recovery  of  motor  fuel  from  natural  gas. 
Recent  developments  in  gasoline  power  units  and  their  increasing 
use  have  made  it  imperative  that  all  fractions  of  petroleum  suitable 
for  fuel  in  this  type  of  engine  be  conserved.  The  bureau  has  issued 
a  number  of  publications  on  this  subject.  Among  these  are  Tech- 
nical Paper  10/'  Liquefield  products  of  natural  gas,  their  properties  and 
uses";  Bulletin  42,  ''The  sampling  and  examination  of  mine  gases 
and  natural  gas";  Technical  Paper  87,  "Methods  of  testing  natural 
gas  for  gasoline  content";  Bulletin  120,  "Extraction  of  gasoline  from 
natural  gas  by  the  absorption  method";  and  Bulletin  88,  "The 
condensation  of  gasoline  from  natural  gas. " 

This  report  treats  of  the  compression  and  refrigeration  process  for 
the  recovery  of  gasoline  from  natural  gas  from  the  viewpoint  of  the 
practical  engineer  and  business  man.  Conditions  of  actual  operation 
and  the  equipment  in  use  are  cited  and  described  so  that  operators, 
and  others  interested,  can  compare  the  variations  in  methods  of  treat- 
ing natural  gas  for  its  gasoUne  content  in  the  different  fields  and 
also  the  conditions  encountered  and  the  features  that  control  the 

methods  used. 
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HISTOBT  OF  THE  IVDITSTBT. 

The  early  history  of  the  manufacture  of  natiu*al-gas  gasoline  has 
heen  published  by  the  Bureau  of  Mines  ®  in  previous  papers  on  the 
subject.  The  present  practice  is  the  result  of  the  advance  developed 
by  a  study  of  the  needs  of  the  industry,  by  improvements  in  machinery 
and  equipment,  and  by  a  better  understanding  of  the  thermody- 
namic and  other  physical  principles  involved.  A  very  small  propor- 
tion of  the  plants  erected  have  been  commercial  failures,  and  most 
of  those  which  have  failed  lacked  capital  to  carry  them  over  a  period 
of  low  prices  for  gasoUne.  Many  of  these  plants  are  still  operating, 
the  company  having  been  reorganized  or  bought  up  by  larger  corpo- 
rations, and  under  present  market  conditions  they  show  satisfactory 
returns. 

The  following  table  shows  the  distribution  of  casing-head  gasoline 
plants  and  the  amount  and  value  of  the  gasoline  produced  in  the 
United  States  in  1915: 


Table  I. — Gasoline  recovered  from  natural  gas  and  sold  in  1915. a 


State. 


Oklahoma 

CiUifoniia 

West  Virginia 
Penxuylvania 

Ohio.. 

IlUnoLs 

Texas 

Now  York... 
Louisiana.... 

Kansas 

Colorado 

Kentucky 


Number 

of 
plants. 


63 

20 

114 

139 

50 

16 

1 

4 

2 

2 

2 

1 


414 


Quantity. 


OaUofu. 

31,665,991 

12,835,126 

no,853,608 

fr  5, 898, 597 

2,198,715 

1,035,204 


6  877,434 


65,364,665 


Value. 


$2,361,029 
975,897 
927,079 
569,873 
167,138 
80,049 


70,258 


5,150,823 


Average 
recovery 

of  gasoline 
perl,000 

cubic  feet. 


OaVont. 
3.60 
1.60 
2.30 
Z73 
2.80 
Z29 


1.32 


2.57 


a  Northrop,  J.  D.,  Mineral  Resources  U.  S.  for  1915,  U.  S.  Oeol.  Survey,  1916,  p.  997. 
b  Includes  gasoline  resulting  from  natural  condensation  in  gas  mains. 

In  January,  1917,  the  number  of  plants  in  California  had  increased 
to  30,  with  an  estimated  daily  production  of  more  than  60,000  gallons, 
and  the  number  of  plants  in  Oklahoma  to  95,  with  an  estimated  daily 
production  of  200,000  gallons. 

a  Allen,  I.  C,  and  Burrell,  O.  A.,  Liquefied  products  from  natural  gas,  their  properties  and  uwk  Tech. 
Paper  10, 1912,  pp.  4-7;  Buirell,  O.  A.,  The  suitability  of  natural  gas  for  making  gasoline:  Tech.  Paper  57, 
1913,  p.  17;  Burrell,  Q.  A.,  Seibert,  F.  M.,  and  Oberfell,  O.  O.,  The  condensation  of  gasoline  from  natural  gas: 
Bull.  88, 1915,  pp.  9, 10;  Buirell,  Q.  A.,  Biddisan,  P.  M.,  and  Oberfell,  O.  Q.,  Extraction  of  gasoUne  tnm 
natural  gas  by  absorption  methods:  Bull.  120, 1917,  pp.  11-14. 


FACT0B8  TO  BE  COKBIDEBED  IN  EXAMIKINQ  FIELD.  8 

FACT0B8  TO  BE  GOVSIDEBED  IV  EXAMIEIVO  FIELD  FBOM 

WHICH  GAS  IS  TO  BE  TAKEH. 

Before  a  compression  plant  can  be  properly  designed  to  treat  natural 
gas  from  any  given  area,  a  thorough  study  of  the  history  of  the  field 
in  general  and  especially  of  the  sand  from  which  the  gas  is  to  be  taken 
should  be  made,  also  complete  testing  to  determine  the  volume  and 
gasoline  content  of  the  gas  from  the  area  under  consideration  should 
be  made.  This  precaution  is  particularly  necessary  for  a  field  in 
^which  there  are  no  plants  in  operation  that  can  be  studied  and  used 
as  a  precedent. 

A  knowledge  of  the  history  of  the  field  is  important  in  determining 
the  probable  life  of  the  wells  and  the  decline  in  volume  of  gas  pro- 
duced from  year  to  year.  A  plant  built  in  California  to  treat 
2,000,000  cubic  feet  per  day  has  been  able  to  get  only  half  that 
amount  because  of  the  decline  in  gas  production  from  the  wells  after 
the  initial  rock  pressure  was  relieved,  and  new  weUs  drilled  for  oil 
on  the  same  lease  have  not  thus  far  brought  the  quantity  of  gas  up 
to  the  plant  capacity.  Gas  from  adjoining  leases  could  not  be 
obtained  for  treatment,  and  the  plant  at  the  time  of  the  writer's  visit 
was  running  at  half  capacity,  as  stated. 

In  all  gas  and  oil  fields.in  the  United  States  it  is  found  that  as  the 
pressure  in  the  wells  decreases  the  gas  becomes  richer  in  gasoUne 
content.  It  is  doubtful,  however,  if  the  actual  total  quantity  of 
gasoline  vapor  from  a  given  weU  increases,  but  it  seems  to  be  a  fact 
that  the  amount  of  gasoline  vapors  produced  declines  much  less 
rapidly  than  eichei  the  oil  or  gas  production  from  a  given  well  or  area. 
This  has  been  found  to  be  practically  true  of  West  Virginia  and  Cali- 
fornia wells  as  long  as  the  wells  produce  oil  either  under  rock  pressure 
or  vacuum.  In  Pennsylvania  a  small  compression  plant  is  treating 
gas  from  wells  that  have  long  ceased  to  produce  oil  and  are  pumping 
salt  water  imder  vacuums  of  26  inches  of  mercury. 

New  oil  wells  producing  many  million  feet  of  gas  under  high  rock 
pressure,  such  as  are  often  brought  in,  in  the  Mid-Continent  and  Cali- 
fornia fields,  are  not  considered,  because  gas  produced  under  these 
conditions  of  pressure  and  voliune  practically  never  finds  its  way  to 
compression  plants.  The  gas  produced  under  rock  pressures  of  400 
to  1,500  pounds  per  square  inch  contains  only  comparatively  small 
proportions  of  the  heavier  gasoline  fractions  and  comparatively  large 
quantities  of  the  lighter  or  "wild"  fractions,  as  would  be  expected 
from  the  condition  imder  which  the  gas  is  held  while  in  contact  with 
the  oil  from  which  it  must  receive  its  charge  of  condensable  vapors. 

GHABACTEB  OF  THB  SAND. 

A  knowledge  of  the  sand  from  which  the  gas  is  to  be  produced  is 
a  valuable  factor  in  designing  a  plant;  the  thickness,  texture,  or 
degree  of  cementation  bear  directly  on  the  future  of  the  field  as  a 
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gas  and  gasoline  producer.  Thick  sand  of  close  texture  indicates 
long  life  as  an  oil  producer,  and  consequently  a  long  life  for  gasoline 
production.  Loose,  uncemented  sands,  such  as  are  foimd  in  Cali- 
fornia, will  not  withstand  the  suction  of  vacuum  pumps,  which  causes 
the  sand  to  come  in  and  stop  or  injure  the  piunps.  This  inflow  of 
sand  reduces  the  production  of  oil  and  increases  the  expense  of  clean- 
ing the  wells,  so  that  companies  treating  their  own  gas  do  not  permit 
the  vacuums  held  on  walls  to  exceed  1  to  2  inches  of  mercury  at  the 
casing  head.  This  limitation  of  vacuums  may  react  in  such  a  way 
as  to  make  compression  plants  unprofitable  when  the  oil  production 
has  become  small  and  the  rock  pressure  has  been  completely  relieved. 

CHABrACTEB  OF  THB  OIL. 

Casing-head  gas  produced  with  high-gravity  oil  is  almost  univer- 
sally rich  in  gasoline  vapors,  except  when  the  gas  is  produced  under 
extremely  high  pressures.  However,  the  fact  that  an  oil  is  of  low 
gravity  can  not  always  be  depended  on  to  indicate  small  gasoline  con- 
tent, as  has  been  shown  by  compression  practice  in  California.  As  a 
rule,  in  California,  casing-head  gas  produced  with  oil  having  a  gravity 
of  less  than  22^  B.  does  not  yield  enough  gasoUne  for  profitable  com- 
pression. However,  in  the  Salt  Lake  field,  the  oil  has  a  gravity  of 
15*^  to  I?*'  B.  and  still  the  casing-head  gas  is  commercially  valuable 
for  its  gasoline  content.  Analyses  by  the  Bureau  of  Mines**  of  oil 
from  this  field  shows  that  it  carries  exceptionally  high  proportions 
of  asphaltiun  (55.3  per  cent),  but  also  carries  lighter  products,  rang- 
ing up  to  fractions  distilUng  over  at  150^  to  200°  C,  to  which  are  due 
the  gasoUne  vapors  in  the  gas.  The  Kern  River  field,  yielding  oil 
with  an  average  gravity  of  14°  B.  has  not,  so  far,  produced  any  gas 
that  is  being  treated  for  gasoUne. 

WATEB  SXTPPLY. 

Water  being  essential  in  all  plants  making  gasoline  by  compression 
methods,  the  supply  and  the  quality  of  water  available  should  be  care- 
fully determined.  The  cooUng  coils  and  the  compressor  jackets  of  a 
plant  treating  1,000,000  cubic  feet  of  gas  daily  at  a  pressmre  of  250 
pounds  per  square  inch  will  use  100  to  300  barrels  of  water  a  day, 
depending  on  the  design  of  the  water-cooling  system  and  the  tem- 
peratures obtained.  The  loss  is  accoimted  for  by  the  evaporation 
and,  in  plants  where  towers  or  sprays  over  ponds  are  used,  by  water 
being  carried  away  by  the  wind.  In  the  oil  fields  much  of  the  water 
is  so  heavily  charged  with  mineral  salts  as  to  be  almost  useless  for 
boilers,  gas-engine  jackets,  and  compressor  jackets.  Such  water  to 
be  made  fit  for  boiler  use  must  be  treated  with  a  so-called  "boiler 


«  Allen,  I.  C,  Crossfleld,  A.  S.,  Jacobs,  W.  A.,  and  Matthews,  R.  R.,  Physical  and  chemical  propertiee 
of  the  petroleums  of  California:  Tech.  Paper  74,  Bureau  of  Mines,  1914,  p.  13.        ^ 
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compound."  For  cooling  jackets  of  machines  the  water  must  be 
condensed,  otherwise  it  forms  a  scale,  which  interrupts  the  circula- 
tion of  water  and  is  dangerous  both  to  machinery  and  to  the  oper- 
ators, and  also  cuts  down  the  efficiency  of  the  engine  and  compressor 
by  permitting  overheating  of  the  cylinders  and  of  the  gas  being 
treated. 

TBAN8POBTATZON  FACHJTIBS. 

The  matter  of  transportation  is  of  importance,  as  on  it  depends, 
in  part,  the  questions  of  blending,  size  and  weight  of  imits,  plant 
location,  and  length  of  pipe  lines.  Before  a  plant  is  designed,  the 
most  economical  product  should  be  determined,  as  it  may  be  that 
producing  the  maximum  quantity  of  condensate  possible  from  a 
given  gas  will  be  as  profitable  as  a  smaller  quantity  of  a  less  volatile 
product.  Producing  the  maximum  quantity  of  condensate  from  a 
gas  requires  high  pressures  and  blending  with  naphtha  as  soon  as 
possible  after  the  condensate  is  precipitated.  This  requires  machines 
to  produce  the  high  pressure,  which 'adds  to  the  cost  of  installation, 
and  a  continual  supply  of  naphtha  for  blending.  If  the  cost  of 
freight  on  the  naphtha  coining  to  the  plant  and  on  the  percentage  of 
naphtha  in  the  blended  product  going  back  to  market,  plus  the  cost 
of  mixing  and  of  losses  in  blending  and  handling,  is  greater  than  the 
value  of  the  condensate  produced  in  excess  of  the  quantity  that 
could  be  produced  at  a  lower  pressure  without  blending,  it  would  be 
more  profitable  to  produce  less  condensate  of  lower  vapor  t^ision 
c^mble  of  being  shipped  as  made.  For  example,  a  plant  in  the  Mid- 
Continent  field,  situated  an  excessive  distance  from  the  nearest 
refinery  from  which  it  could  obtain  naphtha  for  blending,  finds  that 
using  a  pressure  of  80  poimds  from  single-stage  compressors,  and 
producing  1.8  gallons  of  condensate  with  a  gravity  of  75^  to  80^  B. 
and  a  vapor  tension  of  5  to  6  pounds,  is  more  profitable  than  pro- 
ducing 3  gallons  of  condensate  having  a  gravity  of  94^  to  98^  B.  and 
blending  it  at  or  near  the  plant. 

The  distance  from  a  railroad  will  also  have  a  bearing  on  the  cost  of 
erecting  a  plant.  Pipe  lines  are  usually  built  from  the  plants  to 
loading  racks  or  blending  stations  on  the  railroad.  More  recent  prac- 
tice seems  to  favor  blending  at  the  compression  plant,  which  necessi- 
tates pumping  the  naphtha  to  the  plant  and  pumping  the  blended 
product  back  to  the  loading  station  through  pipe  lines.  The  greatest 
expense  from  being  at  a  distance  from  a  railroad,  however,  is  that  of 
hauling  equipment  and  repairs.  Machines  built  in  parts  too  large  to 
handle  on  the  wagons  or  trucks  usually  found  in  oil  fields  are  much 
more  expensive  to  place  than  machines  shipped  in  smaller  parts. 
Roads,  distanoes,  and  the  weights  of  large  parts  of  machines  should 
be  considered  when  a  plant  is  being  designed  or  an  estimate  of  cost 
figured. 
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Plate  I,  A  (p.  24) ,  shows  two  single  castings  weighing  3 1 ,000  pounds 
each,  which  were  placed  in  a  plant  that  could  be  reached  only  \yy 
narrow,  steep  roads.  The  trouble  and  expense  of  hauling  such  parts  is 
a  factor  in  plant  construction. 

The  general  topography  at  one  compression  plant  is  shown  in. 

Plate  II,  ^  (p.  24). 

DISTBIBtrriON  OF  WBLLS. 

If  the  wells  from  which  gas  is  to  be  taken  are  distributed  over  a  wide 
area,  it  is  well  to  consider  the  construction  of  two  or  more  smaller 
plants  rather  than  one  larger  plant.  One  plant  visited  by  the  writer 
treats  gas  collected  over  an  area  of  approximately  32  square  miles. 
The  extensive  pipe-Une  system  required  to  bring  the  gas  to  the  plant 
and  return  it  to  the  various  leases,  with  the  booster  stations  and 
equipment  necessary  to  maintain  them,  makes  this  plant,  in  the 
opinion  of  the  management,  more  expensive  and  less  efficient  than 
two  or  three  smaller  plants  would  have  been. 

CONDITION  OF  WELLS. 

Before  erecting  a  compression  plant  in  an  old  field  the  condition  of 
the  casings  in  the  wells  from  which  gas  is  to  be  taken  should  be  ascer- 
tained. In  an  old  field  in  Pennsylvania  it  was  found  that  the  casings 
were  badly  rusted  and  allowed  excessive  quantities  of  air  to  enter  the 
lines  as  soon  as  a  vacuum  of  more  than  1  or  2  inches  was  placed  on. 
them.  The  wells  made  an  average  production  of  only  1 ,000  cubic 
feet  of  gas  a  day,  so  that  the  expense  of  recasing  would  not  seem 
to  be  warranted. 

J.  O.  Lewis,  petroleum  technologist  of  the  Bureau  of  Mines,  states 
that  air  is  often  admitted  to  wells  in  which  the  casing  has  not  been 
properly  placed,  the  air  entering  through  porous  strata  from  other 
wells  which  are  not  being  held  under  vacuums. 

'     TESTING  NATUBAL  OA8. 

The  testing,  measuring,  and  sampling  of  natural  gas  for  its  gasoline 
content  has  been  described  in  Bureau  of  Mines  pubHcations<*  by  G.  A. 
Burrell  and  his  associates,  and  will  only  be  taken  up  briefly  by  the 
writer. 

Many  compression  plants  are  successfully  treating  gas  about  which 
few  facts  were  known  before  the  plant  was  erected.  Much  time  and 
expense  could  have  been  saved,  however,  if  more  had  been  learned  of 
the  physical  and  chemical  characteristics  of  the  gas  before  the  plans 

a  Burrell,  G.  A.,  and  Jodm,  Q.  W.,  Methods  of  testing  natural  gas  for  gasoline  oontent:  Teoh.  Paper 
87, 1916, 23  pp.  Burrell,  O.  A.,  Befbert,  F.  M.,  and  Robertson,  I.  W.:  Analysis  of  natural  gas  and  illumi- 
nating gas  by  fractional  distillation  at  low  tempeffatures  and  pressures:  Teoh.  Paper  104, 1916, 41  pp. 
Burrell,  O.  A.,  Selbert,  F.  U.,  and  Oberfell,  O.  O.,  The  oandensation  of  cff^i*"*  from  natural  gas: 
Bull.  88, 1916,106  pp. 
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of  the  plant  were  made  and  the  machinery  installed.  The  investment 
in  a  compression  plant  is  large  enough  to  warrant  the  expepjse  of 
having  all  necessary  tests^  analyses,  and  measurements  of  gas  made 
and  checked  before  the  plans  and  details  of  construction  are  taken  up. 

SPECIFIC  GRAVITY   TEST. 

Natural  gas  having  a  specific  gravity  of  0.78  (air  =  l)  and  higher  is 
being  successfully  treated  in  compression  plants.  The  specific 
gravity  test  is  useful  as  an  indicator,  but  the  possibihty  of  misleading 
variations  through  the  presence  of  other  gases,  such  as  air,  carbon 
dioxide,  nitrogen  and  sulphur  compounds,  in  the  sample  makes  this 
tc«t  unreliable  if  used  alone.  If  an  analysis  is  made  of  the  gas  and 
the  specific  gravity  of  the  hydrocarbon  contents  computed,  the  re- 
sults are  more  dependable,  but  even  then  are  not  reUable  enough  to 
be  used  as  a  basis  for  final  decisions  regarding  plant  construction. 


SOLUBILITY   TEST. 

The  solubihty  test  described  by  Burrell  and  Jones'*  is  useful  as  an 
arbitrary  test,  because  it  is  known  that  gases  of  a  solubility  of  less 
than  30  per  cent  have  not  been  successfully  treated  in  compression 
plants. 

In  regard  to  the  following  table  they  state  that  ^^  in  all  cases  the 
yield  represents  the  actual  amount  of  gasoline  sold  after  weathering." 

YiM  of  gaMolins  front  casmg-head  ruitural  goB  by  eompreanon  method,  corresponding  to 

oMorption  and  speeyio^gravity  iettafi 


Absorption 
by  oil. 

Spedflo 

Yield  of 
gasoline, 

gallons 
perl^OOO 
cubic  feet 

of  gas. 

Absorptloa 
byoU. 

SpecJflo 

Yield  of 
gasoline, 

gallons 
per  1,000 
cubic  feet 

of  gas. 

Percent, 
16 
38 

ao 

87 
89 
88 
54 

a64 

0.83 
0.90 
1.00 
LOS 
L07 
L21 

None. 
LOO 
L7S 
2.00 
150 
3.00 
3.50 

PetoeiU, 
50 
48 
44 
Oft 
84 
86 

L29 
L37 
L38 
LS8 
L41 
L46 

3.00 
3.50 
3.50 
4.00 
4.50 
5.00 

i 

a  Burrell,  G.  A.,  and  Jones,  O.  W.,  work  cited,  p.  10. 

It  Bhould  be  stated  that  both  the  specific-gravity  test  and  the  oil-abeorptioii  test 
iajl  when  applied  to  residual  gas  from  a  gasoline  plant  because,  although  the  results 
obtained  will  indicate  high  specific  gravity  and  oil  absorption,  principally  because  of 
the  presence  of  laige  percentages  of  the  hydrocarbon  gases,  ethane  and  propane,  yet 
the  plant  will  have  extracted  the  vapors  of  the  liquid  parafl^s  that  constitute  gasoline. 

•  Burrell,  O.  A.,  and  Jones,  O.  W.,  Methods  of  testing  natural  gas  for  gasoline  content:  Tech.  Paper  87, 
Burean  of  Mines,  1916,  pp.  7-10. 
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PBAOTIONAL  DISTILLATION. 

The  Bureau  of  Mines  ^  has  developed  a  technical  laboratory  test 
based  on  a  method  of  freezing  out  the  propaue  and  higher  hydro- 
carbon fractions,  which  accurately  determines  the  percentage  of 
condensable  hydrocarbons,  including  propane  and  all  other  higher 
members  of  the  hydrocarbon  series.  Tbis  test  can  be  made  only 
in  a  well-equipped  laboratory  by  experienced  gas  analysts. 

Another  method,  based  on  the  principle  of  low  temperatures,  that 
was  originated  by  the  Smith  Emery  Co.,  of  Los  Angeles,  Cal.,  is 
essentially  as  follows:  Gas  from  the  casing-head  of  the  well  is  led 
through  a  service  meter  (see  fig.  1)  xmder  a  pressure  of  12  inches  of 
water  (devised  so  as  to  blow  out  if  that  pressure  is  exceeded)  to 
a  copper  tube  three-fourths  of  an  inch  in  diameter  and  15 
feet  long,  coiled  so  as  to  fit  into  an  asbestos  insulated  container 
18  inches  deep  and  12  inches  square.  The  container  is  filled 
with  acetone  (product  of  wood  distillation)  to  within  2  or  3  inches 
of  the  top.  Carbon  dioxide  snow  from  steel  bottles  of  carbon 
dioxide  in  the  liquid  state  is  added  to  the  acetone  until  a  saturated 
solution  is  obtained.  Complete  saturation  of  the  solution  is  shown 
when  a  portion  of  the  snow  remains,  as  snow,  on  the  bottom  of  the 
container.  The  temperature  of  the  acetone  is  held  constant  at  70®  F. 
below  zero  by  the  carbon  dioxide  used  in  this  way.  Gas  is  passed 
through  the  copper  coil,  submerged  in  the  acetone  bath,  until  600  or 
1,000  cubic  feet,  as  shown  by  the  meter,  has  been  treated;  the  coil 
is  then  drained  into  a  flask,  the  quantity  of  condensate  measured, 
and  the  gravity  tested.  If  the  condensate  obtained  in  this  manner 
is  higher  in  gravity  and  vapor  tension  than  would  be  desirable  as  a 
plant  product,  the  condensate  can  be  weathered  down  to  the  desired 
product,  thus  indicating  the  quantity  of  condensate  of  desired 
gravity  which  the  gas  contains.  One  series  of  tests  made  in  this 
manner  produced  a  condensate  having  a  gravity  of  90°  B.,  and  an 
absorption  plant  treating  the  gas  reports  a  production  approximately 
equal  to  the  results  obtained  in  the  original  tests  of  the  gas.  It 
requires  2  or  3  bottles  of  carbon  dioxide  to  conduct  this  method  of 
testing  for  one  day,  and  the  gas  from  6  to  10  wells  can  be  tested  in 
that  length  of  time. 

PORTABLE  COMPRESSOR  TEST. 

It  has  become  the  practice,  in  testing  natural  gas  for  its  gasoline 
content  to  determine  its  suitability  for  use  in  a  compression  plant, 
to  make  actual  physical  tests  with  a  small  portable  plant  consisting 
of  a  compressor,  meter,  and  cooling  coils  mounted  on  a  wagon  or 

a  Bnirell,  O.  A.,  Sefl)ert|  F.  ]£.,  and  Robertson,  I.  W.,  Analysis  of  natural  gu  and  nintntnoting  gpas  by 
firacttonal  dlstfllation  in  a  TBOuum  at  low  tempentores  and  pcwsorea:  Teoh.  Paper  IM,  Biiz«aa  of  MJdbs, 
1916,41pp. 
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truck.     Each  well  is   tested  by  moving   the  compressor  outfit  to  a 
point  where  gas  can  be  taken  from  the  casing  head  or  from  the  gas  line 
leading    from     the    well. 
The  reason  for  testing  each  g 

well  separately  is  that  even 
in  the  same  field  gas  from 
different  wells  has  widely 
varying  contents  of  gaso- 
line vapor,  and  if  com- 
paratively dry  gas  is  mixed 
with  gas  of  greater  vapor 

content,  the  yield  of  con-  j 

deosate  will  be  decreased  S 

or  greater  pressure  and  a  f 

lower  temperature  will  be  1 

required  to  precipitate  an  i 

equal    quantity.    This  | 

point  was  proved  in  prac-  « 

tice  by  a  plant  in  Cab-  I 

fomia,  which,  by  turning  | 

outof  its  lines  the  gas  from  | 

a  well  making  about  one-  Z 

half  million  cubic  feet  per  •   ' 

day,  increased  the  plant  a 

production,  no  chimge  be-  | 

ing  made  in  the  pressure  or  » 

the  cooling  system.  | 

A  portable  testing  outfit  fi 

observed  in  operation  by  | 

the  writer  consisted  of  a  | 

tank  12  by  36  inches  used  -4 

as  a  gas  receiver,  a  4-honie-  " 

power  gas  engine  belted  to  | 

&  3  by  3}  inch  single-acting  fi 

compressor  with  a  capac- 
ity of  3  cubic  feet  per 
minute,  a  single  coQ  of 
1-inch  p:pe  of  the  con- 
tinuous, return-bend  type 
cooled  by  submerging  in  a 
wooden  trou^  of  water 
and  ice,  and  a  double  coil, 
12    feet  long,    of    1-inch 

pipe  inside  a  2-inch  pipe,  cooled  hj  expanding  the  compressed  gas 
through  a  valve  connection  between  the  outside  and  inside  pipes. 
7338"— 18— BuU.  151 2 
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The  gas  was  brought  from  the  well  line  through  a  J-inch  pipe  fitted 
with  a  water  gage  for  regulating  the  pressure  on  the  mtake  receLver; 
this  receiver  also  served  as  a  trap  for  heavy  oil  and  dirt.  From  the 
receiver  the  gas  was  compressed  and  delivered  to  the  water-cooled 
coil  at  a  pressure  of  250  pounds,  the  water  being  cooled  with  ice. 
Ice  was  used  because  it  gave  lower  and  easily  regulated  tempera- 
tures, was  more  convenient  to  obtain  than  a  large  or  continuous 
supply  of  fresh  cold  water,  and  permitted  tests  to  be  run  at  nearly 
the  same  temperature  and  under  more  uniform  conditions.  The 
gas  from  the  water-cooled  coil  discharged  into  the  chamber  between 
the  outer  and  the  inner  pipe  of  the  double  coil.  At  the  discharge  end 
of  the  outer  or  2-inch  pipe  was  suspended  a  1-inch  drip  pipe  to  collect 
the  condensate.  Gas  from  the  2-inch  pipe  was  expanded  through 
the  valve  into  the  inner  pipe  to  refrigerate  the  high-pressure  gas 
flowing  through  the  outside  pipe  and  discharged  through  a  service 
meter  to  the  atmosphere.  Records  were  kept  of  temperatures, 
pressures,  and  amounts  and  gravity  of  condensate  produced.  The 
tests  were  made  at  night  to  aid  cooling.  From  time  to  time  specific- 
gravity  tests  of  gas  from  individual  wells  were  made  and  recorded. 
When  the  gas  from  any  well  dropped  noticeably  in  gravity,  a  com- 
pression test  was  run  on  it,  and,  if  found  too  low  in  gasoline  content  for 
profitable  recovery,  was  turned  into  the  fuel  lines  of  the  lease  and 
was  not  treated. 

SOUBOES  OF  ERROR  IN  PORTABLE  COMPRESSOR  TESTS. 

The  greatest  source  of  error  in  making  tests  with  portable  outfits 
is  the  meters.  Service  or  domestic  meters  become  inaccurate  if 
operated  at  pressures  above  those  for  which  they  were  made,  and 
should  be  tested  before  use  even  at  normal  pressinres,  and  during  use 
should  be  protected  from  excessive  pressures  by  a  water  or  mercury 
pressure  gage  placed  on  the  pipe  ahead  of  the  meter  intake.  Pressures 
of  8  to  12  inches  of  water  are  usually  used  with  meters  of  this  type. 
Some  operators  use  two  meters,  one  on  the  intake  and  one  on  the 
discharge  of  the  portable  tester,  the  indicated  amounts  of  gas  being 
averaged  in  calculating  the  production. 

Results  are  apt  to  be  misleading  when  gas  being  treated  in  the 
testing  machine  is  not  cooled  to  the  same  temperature  as  under 
plant  conditions  or  compressed  to  the  pressure  used  in  the  plant. 
Small  portable  testing  compressors  can  be  adjusted  and  operated 
imder  conditions  so  nearly  simulating  actual  plant  conditions  as  to 
give  reliable  data  on  which  to  base  estimates  of  pressures,  tompera- 
tures,  and  recovery. 
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MEASURING  THE  FLOW  OF  NATUBAL  GAS. 

The   following  description  of   the   orifice-meter  method   of  gas 
nieasuroment  is  from  Technical  Paper  87^  of  the  Bureau  of  Mines: 

ORIFICE   METER. 

An  instrument  known  as  the  orifice  meter,  for  testing  small  flows  of  natural  gas,  is 
shown  in  figure  2.    This  instrument  is  simple  in  construction,  consisting  of  a  short 
2-incli  nipple,  6,  with  ^ipe  thread  on  one  end  and  a  thin  plate  disk  on  the  other. 
The  disk  carried  a  1-inch  orifice, 
a,  and  a  hose  connection,  c,  for 
taking  the  pressure.    The  meter 
is  especially  intended  for  testing 
small    gas    wells   and    *^  casing- 
head  ^  gas  trom  oil  wells.    As  a 
rule  the  flow  of  gas  from  an  oil 
well  is  rather  small,  and  it  is  not 
advisable  to  test  the  flow  with  a 
Pitot  tube  such  as  is  used  in  test- 
ing laige  gas  wells.    In  using  the 
orifice  tester  it  is  necessary  to 
know  the  specific  gravity  of  the 
gas  in  OTder  to  obtain  the  flow. 
Before  the  orifice  well  tester  is 

attached  to  the  casing  head  the 

well  should  be  permitted  to  blow 

into   the   atmosphere  until  the 

head  of  the  gas  is  reduced  and  the 

flow  has  become  normal.    Then 

the  tester  is  attached  by  simply 

screwing  it  into  the  end  of  a 

^foot  length  of  2-inch  pipe  and 

the  pressure  is  read  in  inches 

of  water  on  the  siphon  gage,  d. 

In  the  tabled  the  flow  of  the 

well,    with    values   for   gas    of 

different   gravities,   is   opposite 

the  gage  raiding.    The  orifice  in 

the  instrument  should  be  kept 

dry   and    uninjured;    otherwise 

the  gage  reading  will   not  be 

COTTeCt. 

Beside  the  thin  1-inch  orifice  plate  described  above,  orifice  meters 
of  this  type  are  equipped  with  plates  of  the  same  thickness  (J  inch) 
and  with  orifices  of  f,  },  f,  and  IJ  inch  diameters  for  measuring 
flows  of  greater  or  less  volume,  and  for  checking,  by  two  or  more 
tests,  the  flow  from  the  same  well  at  different  pressures.  Figm-e  3 
shows  the  design  of  meters  in  which  are  used  a  number  of  different 
sized  orifice  plates.  The  brass  disks  containing  the  orifices  are  care- 
fully machined  to  a  thickness  of  |  inch  and  are  made  to  fit  perfectly 

•  Bnrren,  O.  A. ,  and  Joam,  O.  W.,  Methods  of  testing  nAtoral  gas  for  gasoline  cootent:  Bunwi  of  ICines, 

1916,  pp.  la-ao. 


FIOUBE  2.— Orifice  meter  for  testing  small  flows  of  natural  gas. 
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between  the  cap  which  holds  the  disk  in  place  and  the  end  of  the 

2-inch  pipe.    The  orifice  in  the  disk  is  accurately  drilled  to  size,  the 

edges  being  made  square  and 
^i — ^   — 


not  beveled. 


\ 


PrrOT-TUBE  KBTHOD. 

The  Pitot  tube  is  a  stand- 
ard,   well-known   instrument 
for    measuring    gas   flows    in 
pipe  lines  and  at  gas  wells;  it 
requires  careful  attention  and 
is  generally  used  only  by  ex- 
perienced operators.    Descriptions  of 
the  Pitot  tube  and  its  method  of 
operation    and    tables    of   flow    are 
given  in  Technical  Paper  87  "   and 
Bulletm88.^ 

SAMPLING    FOB     LABORATOBY     TESTS. 

Containers  for  natural-gas  samples 
to  be  sent  to  a  laboratory  for  analy- 
sis, absorption  test,  and  specific 
gravity  test  should  have  a  capacity 
of  not  less  than  1  pint,  and  dupli- 
cate samples  in  two  containers  may 
save  a  return  to  the  field  if  a  sample 
is  accidentally  lost  or  an  error  is 
made  in  any  one  of  the  determina- 
tions. To  guard  against  errors  both 
in  the  collection  of  samples  and  in 
laboratory  determinations,  dupli- 
cate samples  are  often  taken  and 
all  tests  and  analyses  run  inde- 
pendently. The  bottle  or  other 
gas  container  should  be  carefully 
sealed  and  packed  to  avoid  leakage 

from  poor  stop- 
pers and  expansion 
and  contraction  of 
the  gas  from  wide 
changes  in  temper- 


046£ 


FioxtbbS.— Orifice  meter  Inwhlch  difitorent  sizedoriflce  plates  maybe  nsed.     atUrC. 


aBurrell,  O.  A.,  and  Jones,  O.  W.,  Methods  of  testing  natural  gas  for  gasoline  content:  Bureouof 
Mines,  1016,  pp.  21-24. 

ftBurrell,  O.  A.,  Seibert,  F.  M.,  and  OberfeU,  Q.  Q.,  The  condensation  of  gasoline  from  natural  gas: 
Bureau  of  Mines,  1915,  pp.  87-i5. 
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COLLEGTINO  A  SAMPLE   BY  AIR  DI8PLACBMENT. 

Filling  a  bottle  or  other  container  by  air  displacement  is  a  rapid 
and  convenient  method,  often  used  in  the  field.  A  small  hose  is 
placed  over  a  pet  cock  in  the  gas  line,  the  other  end  being  inserted 
inside  of  the  container.  A  gentle  stream  of  gas  is  then  aUowed  to 
flow  into  the  container  for  four  or  five  minutes,  displacing  the  air.  If 
the  gas  is  known  to  be  lighter  than  air  it  is  best  to  invert  the  bottle, 
thus  allowing  the  light  gas  to  displace  the  heavier  air;  if  the  gas  is 
heavier  than  air,  the  reverse  method  is  preferable.  The  bottle  is 
then  quickly  corked,  and  sealed  by  covering  the  stopper  with  a 
coating  of  warm  para£Bji.  The  difficulty  with  this  method  is  the 
uncertainty  whether  all  of  the  air  has  been  displaced  by  the  gas. 

COLLBCTINO  A  SAMPLE  BT  WATER  OB  MERCtTRT  DISPLACEMENT. 

A  more  accurate  method  of  obtaining  a  gas  sample  is  by  the  dis- 
placement of  water.  In  this  method  the  bottle  is  filled  with  water 
and  inverted  beneath  the  siuf  ace  of  water  in  a  bucket  or  other  con- 
venient receptacle,  the  hose  from  the  gas  line  is  allowed  to  discharge 
below  the  mouth  of  the  inverted  bottle  until  the  water  in  it  has  been 
entirely  displaced  by  the  gas.  The  bottle  is  then  closed  or  corked 
while  still  beneath  the  surface,  and  after  drying  and  sealing  with 
paraffin,  can  be  transported  without  danger  of  contamination  of  the 
contents. 

Mercury  may  be  used  in  the  same  maimer  as  water,  but  requires 
that  considerable  volumes  of  this  liquid  be  kept  with  the  sampling 
apparatus,  which  adds  to  its  bulk  and  weight.  Displacement  of 
mercury  is,  however,  the  most  accurate  method  of  filUng  a  container 
with  the  gas  to  be  tested,  and  insures  the  least  possible  contamination. 

SAMPLING  AND  TESTING  IN   GENERAL. 

All  tests,  measurements,  and  determinations  of  natural  gas  to  be 
used  for  gasoline  manufacture  should  be  checked  and  proved.  Dupli- 
cate tests,  analyses,  and  measurements  should  be  made  by  different 
persons,  if  possible.  If  the  duplicate  results  show  variations  large 
enough  to  be  of  importance  in  determining  plant  capacity,  methods, 
or  equipment,  a  third  test  should  be  carried  out  to  determine  which 
results  can  be  trusted  and  can  be  used  in  plant  design.  Too  much 
importance  can  not  be  placed  on  accurate  testing  and  measuring  of 
gas  to  be  treated  for  gasoline  content,  for  although  during  the  treat- 
ment in  a  commercial  plant  many  problems  arise  that  can  not  be 
foretold,  many  characteristics  of  the  gas  can  be  determined  which 
have  a  direct  bearing  on  the  pressures  and  temperatures  necessary 
and  the  gravity  and  vapor  tension  of  the  condensates  produced. 
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METHODS  OF  VATTJEAL-OAS  OASOUirE  ICAKUFAGTUSE. 

Plants  treating  natural  gas  for  its  gasoline  content  fall  tinder  one 
of  three  mechanical  and  physical  subdivisions — compression,  refrig- 
eration, and  absorption,  or  a  combination  of  these  methods.  Ea^^h 
division  varies  widely  in  mechanical  details  of  both  equipment  and 
operation.  Gasoline  recovery  by  compression  and  refrigeration  will 
be  discussed  in  the  following  pages.  Recovery  by  absorption 
methods  has  been  described  in  Bulletin  120.^ 

THBOBY  OF  PRECIPITATION. 
CONDENSATION   BY  COOLING. 

The  theory  of  the  precipitation  of  vapors  from  natural  gas  is  in 
a  way  comparable  to  that  of  the  precipitation  of  water  vapor  from  the 
atmosphere.  Water  vapor  is  known  to  exist  in  the  air  at  all  times 
in  varying  proportions,  but  is  invisible  unless  condensed  by  cooling. 
Cooling  to  a  temperature  below  that  at  which  the  air  is  saturated  wil^ 
the  water  vapor  it  contains  causes  precipitation  in  the  form  of  snow, 
hail,  frost,  rain,  fog,  or  dew.  This  fact  is  also  illustrated  by  beads  of 
water  coUecting  on  the  outside  of  a  pitcher  of  ice  water,  and  by  the 
formation  of  frost  on  the  refrigeration  pipes  of  expansion  units,  as 
shown  in  Plates  V,  (7,  VI,  and  VII  (pp.  34  and  36).  The  air  coming  in 
contact  with  the  cold  surface  of  the  pitcher  or  pipes  is  cooled  below 
its  dew  point  and  the  moisture  which  it  can  no  longer  hold  as  vapor 
condenses  as  water  or  frost  on  the  surface.  By  further  cooling  of 
the  air  more  moisture  would  be  condensed,  and  if  cooling  were  carried 
far  enough  practically  all  of  the  water  vapor  could  be  precipitated 
without  the  aid  of  pressures  higher  than  atmospheric. 

CONDENSATION    BY   COMPRESSION. 

In  plants  compressing  air  it  is  found  that  air,  after  having  been 
made  more  dense  by  increase  of  the  pressure  and  decrease  of  the 
volume,  deposits  moisture  at  atmospheric  temperature,  and  as  the 
pressure  is  increased  larger  percentages  of  the  contained  water  vapor 
are  precipitated.  Hence  either  high  pressures  or  low  temperatures 
increase  the  condensation  of  the  water  vapor. 

In  the  exceedingly  dry  atmosphere  of  the  Arizona  and  Nevada 
deserts,  operating  air  compressors  at  a  pressure  of  100  pounds  and 
cooling  the  compressed  air  only  to  atmospheric  temperature  always 
causes  precipitation  of  water,  and  of  lubricating  oils  from  the 
cylinders,  in  the  air  receiver.  That  all  of  the  moistm'e  in  the  air  is 
not  deposited  in  the  receiver  is  shown  by  the  fact  that  in  pumps 
driven  by  compressed  air  some  moisture  freezes  in  the  cylinders  and 
also  forms  frost  on  the  exhaust  outlet. 


a  Burrell,  O.  A.,  Biddlson,  P.  U.,  and  Oberfell,  O.  0.,  Extraction  of  gaaoline  from  natural  gas  by 
absorption  methods:  Bull.  190,  Bureau  of  Ulnes,  1917»  71  pp. 
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The  condensable  fractions  in  natural  gas,  like  those  in  air,  are  not 
yifiible  under  ordinary  conditions,  but  at  times  the  sudden  release 
into  the  atmosphere  of  gas  from  confinement  under  pressure  wiU 
cause  vapors  of  hydrocarbons  to  form  a  mist  resembling  fog  or  steam. 
In  the  treatment  of  natural  gas  for  gasoline  recovery  the  result 
desired  oould  be  accomplished  either  by  compression  or  refrigeration, 
but  the  complex  mixture  of  gases  and  vapors  complicates  the  problem. 
Without  an  exact  knowledge  of  the  various  members  and  the  pro- 
portion of  each  to  the  whole,  an  attempt  to  calculate  the  most  suitable 
pressiures  and  temperatures  becomes  little  better  than  a  guess,  and 
the  most  practical  solution  is  by  tests  and  experiments.  According 
to  the  law  of  partial  pre8sures,<^  if  gas  contains  10  per  cent  of  con- 
densable vapor  and  is  imder  a  pressure  of  200  poimds,  the  con- 
densable 10  per  cent  has  acting  upon  it  a  partial  pressure  of  20 
pounds,  or  10  per  cent  of  the  total  pressure.  As  the  proportion  of 
different  condensable  vapors  in  the  gas  becomes  smaller  through  their 
partial  condensation,  the  partial  pressiue  acting  on  them  also  becomes 
less.  The  percentage  of  the  gage  pressure  acting  on  any  one  of  the 
gas  or  vapor  constituents  varies  in  proportion  to  the  percentage  of 
volume  occupied  by  that  constituent.  If  the  constituent  is  con- 
densable, condensation  will  lower  its  proportion  to  the  volume  of 
uncondensed  gas  to  a  point  at  which  the  partial  pressiue  acting  on 
it  is  too  small  to  cause  further  condensation,  leaving  a  portion  of  the 
vapor  uncondensed  throughout  the  entire  treatment.  As  the  acting 
pressure  becomes  lower,  condensation  tends  to  cease,  but  lowering  the 
temperature  will  cause  further  condensation.  Under  constant  gage 
pressures  and  decreasing  temperatures,  the  largest  percentage  of  the 
heavier  hydrocarbons  contained  in  the  gas  is  recovered,  and  the 
losses  are  confined  to  the  lighter  members. 

Although  all  of  the  condensable  vapor  and  even  the  true  gases 
can  be  liquefied  by  increasing  the  pressure  or  reducing  the  tem- 
perature sufficiently,  the  appUcation  of  these  processes  in  treating 
natural  gas  for  gasoline  is  limited  by  the  commercial  considera- 
tions. Extremes  of  either  pressure  or  temperature  would  yield 
condensates  too  volatile  for  commercial  use,  also  the  machinery  and 
other  equipment  required  would  be  expensive  to  install  and  difficult 
to  operate  and  maintain. 

To  recover  the  valuable  hydrocarbon  fractions  that  are  held  as 
vapors  in  natural  gas,  only  such  pressures  and  temperatures  are 
necessary  as  can  be  obtained  by  the  use  of  machines  and  fittings  of 
standard  construction  and  capacities.  As  the  power  used  to  com- 
press the  gas  heats  it,  developing  power  by  expanding  the  com- 
pressed gas  cools  it.    By  using  the  cooled  gas  as  a  refrigerant,  the 

•  Looka,  C.  E.,  EngftMwriag  thflnnodynamlOB,  1912,  p.  481. 
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temperature  necessary;  in  conjunction  with  the  pressures  obtained, 
to  extract  the  maximum  of  commercial  condensate  can  be  developed* 
The  temperature  and  the  pressure  that  will  yield  the  most  profit- 
able results  are  those  that  together  will  recover  the  largest  possible 
amount  of  condensates  of  low  vapor  tensions  and  as  much  of  the 
lighter  parts  as  can  be  so  blended  or  handled  as  to  conform  with  legal 
standards  of  safety  and  make  a  good  motor  fuel 

ABSOBPTION  THBOBY. 

The  absorption  process  for  recovering  condensate  from  natural  gas 
is  based  on  an  entirely  different  physical  property,  that  of  the  solu- 
bihty  of  vapors  in  liquids.  In  this  process  the  gas  is  brought  into 
intimate  contact  with  a  hquid  which  dissolves  or  absorbs  the  vapors; 
these  vapors  are  later  distilled  from  the  absorbing  medium  and 
condensed. 

USE  OF  GOHBINATIOK  OOMPBB8SIOK  AND  BBFRIOEBATION 

PBOOESS. 

As  shown  above,  the  fundamental  principles  of  the  compression 
process  are  compression  and  cooling  of  the  natural  gas  to  pressures 
and  temperatures  at  which  certain  hydrocarbons  condense. 

Plants  of  this  character  are  erected  to  treat  casing-head  gas  from 
oil  sands  or  from  sands  closely  associated  with  oil,  the  gas  being 
brought  to  the  surface  either  between  the  casing  and  tubing  of  an 
oil  well  or  with  the  oil  in  the  tubing.  The  quantity  of  gas  from  each 
well  is  usually  comparatively  small  and  in  some  installations  as 
many  as  500  or  600  wells  are  connected  with  one  compression  plant 
of  not  more  than  the  average  capacity. 

The  dry  (treated)  gas  is,  at  most  plants,  used  on  the  oil  leases  to 
drive  the  gas  engines  of  the  compression  plant,  and  also  for  gas  and 
steam  engines  in  pumping  and  drilling  wells.  A  few  compression 
plants  sell  the  treated  gas  for  commercial  use  in  cities  or  for  manu- 
facturing purposes.  The  cost  of  pipe  lines  and  equipment  necessary 
to  deliver  the  small  quantities  of  gas  to  market  would,  in  general,  be 
excessive.  There  is  seldom  much  gas  left  after  the  quantity  neces- 
sary for  furnishing  power  has  been  used. 

The  value  of  the  gas  for  heating,  power,  and  Ughting  is  not  impaired 
appreciably  by  removing  the  gasoline  content.  If  this  gas  were  not 
treated,  the  gasoline  would,  at  most  leases,  be  burned  with  the  gas 
used  for  power  purposes  and  practically  be  wasted  as  far  as  serving 
any  useful  purpose  is  concerned. 

GAS  LEASES. 

Until  1914  practically  all  the  gas  being  treated  for  its  gasoline 
content  was  sold  or  leased  imder  varying  conditions  to  gasoline  pro- 
ducing and  marketing  companies  independent  of  the  companies  pro- 
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ducing  the  oil.  Since  that  time  the  oil  produciiig  companies,  real- 
izing the  profits  to  be  made,  have  constructed  compression  plants 
to  treat  the  gas  produced  with  the  oil  on  their  leases,  and  in  many 
instances  are  now  purchasers  or  lessors  of  gas  from  surrounding 
properties. 

Before  1914  gas  leases  were  made  mostly  on  a  flat  rate,  which 
Taried  from  2  to  5  cents  per  1,000  cubic  feet.  Often  the  contract 
stipulated  the  vacuum  to  be  held  on  the  oil  weUs,  and  specified  that 
any  treated  gas  not  used  to  run  the  compression  plant  was  to  be 
returned  to  the  lease  from  which  it  was  taken,  the  return  gas  lines 
to  be  paid  for  and  laid  by  the  purchasing  party.  Other  leases 
required  that  a  certain  percentage  of  the  gas  deUvered  to  the  com- 
pression plant  should  be  returned,  this  figure  in  some  instances  being 
as  high  as  80  per  cent. 

SLIDING-SCALB  I^BASB. 

One  lease  in  Pennsylvania  required  that  7  cents  per  1,000  cubic 
feet  of  gas  be  paid  the  lessor  when  the  price  received  by  the  lessee 
for  gasoline  in  tank  car  lots  during  the  preceding  month  averaged 
10  cents  per  gallon  or  less,  and  an  advance  of  1  cent  per  1,000  cubic 
feet  for  each  advance  of  2  cents  in  the  monthly  average  price  of  gaso- 
line. The  gasoline  company  had  made  arrangements  to  sell  the 
treated  gas  at  12  cents  per  1,000  feet  to  a  company  which  supplies 
gas  to  near-by  towns.  This  was  one  of  the  few  plants  found  by 
the  writer  that  made  such  disposal  of  the  dry  gas. 

Such  a  form  of  contract,  known  as  the  sliding-scale  lease,  is 
being  used  almost  entirely  at  present  in  the  Mid-Continent  fields, 
except  that  usually  the  contract  stipulates  that  gas  after  treatment 
shall  be  returned  to  the  lease  from  which  it  was  originally  taken.  It 
also  provides  that  all  gas  necessary  for  power  to  operate  gas  and 
water  pumps  as  well  as  the  compressor  plant,  shall  be  taken  from 
the  treated-gas  lines  at  no  cost  to  the  lessor. 

At  the  present  time  (December,  1916)  leases  in  Oklahoma  are  being 
made  on  what  is  known  as  the  4-10  or  the  5-10  basis,  meaning  that 
the  price  paid  for  the  privilege  of  removing  and  selling  the  gaso- 
line from  the  gas  is  to  be  4  cents  or  5  cents  per  1,000  cubic  feet  when 
the  price  received  for  the  product  is  10  cents  per  gallon,  with  an 
increase  of  1  cent  per  1,000  feet  of  gas  for  each  additional  2  cents  per 
gallon,  as  in  the  Pennsylvania  lease  previously  mentioned.  On  the 
4-10  scale,  with  gasoline  selling  at  18  cents  per  gallon  f .  o.  b.  the 
plant,  the  price  paid  for  gas  would  be  8  cents  per  1,000  feet. 

WEAK  POINTS   OF  LEASE. 

There  seems  to  be  two  very  weak  points  in  such  a  form  of  con- 
tract; one  is  that  no  account  is  taken  of  the  present  or  future  quan- 
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tity  of  condensate  in  the  gas,  and  the  other  is  that  as  the  wells  and 
field  grow  older  the  percentage  of  gas  returned  to  the  original  owner 
will  become  progressively  less  and  eventually  will  become  nil.  In  the 
Glenn  pool,  Oklahoma,  this  point  has  been  reached  at  some  plants. 

In  one  plant,  to  the  knowledge  of  the  writer,  the  volume  of  treated 
gas  discharged  is  at  times  insufficient  to  furnish  fuel  for  the  engines 
running  the  pumps  and  compressors.  This  condition  is  quite  usual 
in  older  districts  such  as  Sistersville,  W.  Va.,  where  dry  gas  is  bought 
to  operate  the  compression  plants,  or,  as  at  one  plant,  electric 
power  is  purchased  and  is  used  to  drive  the  compressors. 

As  the  quantity  of  gas  decreases,  the  owner  will  receive  less  for  the 
gas  and  have  less  treated  gas  returned  to  him,  being  forced  eventually 
to  buy  gas  for  lease  power  while  the  plant  operator  will,  for  a  long 
time  at  least,  make  the  same  or  a  slightly  decreased  quantity  of  mar- 
ketable condensate.  It  would  seem  that  these  conditions  should  be 
taken  into  account  in  the  gas  contract. 

BOYALTY  I^BASBS. 

Royalty  leases  are  made  and  held  in  some  fields,  particularly  in 
California,  but  do  not  seem  to  have  been  generally  used  through- 
out the  United  States. 

Before  the  compression  process  and  its  residts  became  well  known 
and  understood,  gas  could  commonly  be  obtained  on  a  royalty  of 
one-eighth  of  the  value  of  the  product  marketed,  but  as  the  gas  pro- 
ducers learned  of  the  treatment  and  profits,  royalties  have  increased. 
In  California,  as  much  as  one-third  of  the  value  of  the  product  for  gas 
containing  less  than  2  gallons  of  gasoline  per  1,000  cubic  feet  is  being 
paid.  The  writer  is  reliably  informed  of  a  contract  in  Oklahoma  under 
which  a  royalty  of  one-half  is  being  paid,  the  gas  producing  between 
4  and  5  gallons  of  gasoline  per  1,000  cubic  feet. 

FACTORS  GONTBOLLING  ROYALTIES  AND  LEASES. 

The  royalties  and  prices  that  can  be  paid  for  gas  imder  lease  for 
gasoline  recovery  depend  on  the  following  conditions: 

Wells  scattered  over  a  wide  area  will  necessitate  an  expensive  gath- 
ering system,  including  pipe  lines  and  pumps  or  booster  stations, 
and  the  cost  of  operation  and  upkeep.  The  quantity  of  condensate  in 
the  gas  is  vital  because  the  cost  of  a  plant  and  of  plant  operation  is  prac- 
tically the  same  for  rich  or  lean  gas.  If  the  gas  ia  to  be  returned  to 
the  original  owner  for  use  on  the  lease,  the  cost,  upkeep,  and  opera- 
tion of  the  return  or  "dry  gas"  line  are  to  be  considered.  The  dis- 
tance from  a  railroad  station  and  the  length  of  pipe  lines  required  to 
bring  the  blending  naphtha  to  the  plant  and  transport  the  product  to 
the  station,  also  the  distance  from  a  market,  and  the  source  of  naph- 
tha supply  will  have  a  bearing  on  production  and  marketing  costs* 
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The  time  the  lease  or  contract  is  to  run  is  also  a  factor  which  directly 
affects  the  price  that  is  to  be  paid  for  gas,  as  the  total  cost  of  instal- 
lation must  be  paid  out  of  net  receipts  by  the  time  the  contract 
expires. 

In  general,  all  the  factors  entering  into  any  manufacturing  enter- 
prise must  be  taken  into  consideration  when  the  price  to  be  paid  for 
gas  leases  or  royalties  is  being  set. 

KETHODS  OF  COLLECTDTG  VATTOAL  GAS. 

The  term  '^  casing-head  gas/'  when  strictly  applied,  means  gas  com- 
ing from  an  oil  sand  between  the  casing  and  ihe  tubing  through  which 
ihe  oil  is  pumped.  This  term,  however,  as  used  in  connection  with 
compression  plants,  has  been  broadened  so  as  to  apply  to  any  gas 
rising  with  oil  in  the  tubing,  or  from  flow  lines,  and  to  vapors  coming 
from  oil  in  traps  or  flow  tanks. 

In  eastern  practice  it  is  usual  to  collect  only  the  gas  coming  up 
between  the  casing  and  tubing  in  wells  which  are  usually  held  under 
high  (20  to  26  inches  of  mercury)  vacuums,  no  attempt  being  made  to 
collect  the  gas  coming  up  with  the  oil  in  tiie  tubing  or  the  light  frac- 
tions given  off  in  flow  or  storage  tanks.  Oklahoma  operators  collect 
gas  at  the  casing  head,  and  in  some  instances  from  flow  lines  and  flow 
tanks.  In  California  an  entirely  different  practice  has  developed, 
because  of  the  soft  running  oil  sand  in  most  California  fields.  The 
oil  and  gas  from  one  or  more  pumping  or  flowing  wells  is  led  into  a 
specially  built  tank,  called  a  trap.  Traps  of  different  designs  are  so 
constructed  and  operated  as  to  permit  the  separation  of  the  oil  and 
the  gas  at  pressures  either  above  or  below  atmospheric,  as  circum- 
stances may  require. 

TTSB  OF  TBAPS. 

Originally  traps  were  invented  and  designed  to  work  under  pressure 
with  the  object  in  view  of  separating,  collecting,  and  saving  the  gas  and 
also  the  oil  atomized  and  mechanically  carried  with  the  gas  into  pipe 
lines  or  into  the  atmosphere;  also  to  hold  in  the  oil  the  gasoline  frac- 
tions that  would  otherwise  be  volatilized  when  the  pressure  on  the  oil 
was  released ;  and,  further,  to  allow  the  oil  to  absorb  as  much  of  the 
condensable  fractions  from  the  gas  as  possible,  thus  raising  the  gravity 
of  the  oil  and  in  a  measure  saving  the  most  desirable  fractions  of  the 
crude  product.  As  an  instance  of  the  use  of  a  trap  and  its  effect  on 
the  oil  produced,  F.  B.  Tough,  of  the  Bureau  of  Mines,  cites  the  use 
of  one  at  a  gusher  in  the  Midway,  California,  field.  This  well  when 
flowing  through  a  trap  produced  oil  having  a  gravity  of  32.5^  B., 
and  when  flowing  uncontrolled  under  considerable  rock  pressure  into 
a  collecting  sump  produced  oil,  as  collected  in  the  sump,  with  a 
gravity  of  26°  B.,  a  gain  of  over  6**  B.  resulting  from  the  use  of  the 
trap. 
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Traps  are  of  interest  to  the  casing-head  industry  principally  as  sepa- 
rators of  oil  and  gas,  or,  as  developed  and  used  by  at  least  one  com- 
pany, for  holding  a  vacuum  on 
the  oil  to  separate  from  it  such 
fractions  as  will  distill  off  at  the 
normal  temperature  and  under 
a  vacuum  of  5  to  15  inches  of 
mercury,  thus  reversing  the 
usual  effect  and  method  of  trap 
operation. 

TBAPS    HELD    UNDER    VACUUMS - 

This  company  had  f oimd  that 
the  crude  oil  during  transporta- 
tion and  storage  and  in  transfer 
to  the  stills  of  the  refinery  lost 
a  part  of  the  lighter  fractions; 
also,  the  temperature  used  in 
cooling  the  still  vapors  per- 
mitted further  losses  of  the 
lighter  fractions,  which  could 
be  collected  as  vapor  and  saved 
by  treating  in  a  compression 
plant  with  the  gas  and  vapors 
produced  at  the  wells. 

The  method  adopted  is  to  re- 
lieve the  crude  oil  of  its  lighter 
gasoline  fractions  by  holding  a 
vacuum  on  the  trap,  as  oil  is 
sprayed  or  flows  into  it  with  the 
casing-head  and  tubing  gases, 
and  treating  all  the  gas  and 
vapors  thus  obtained  in  the 
compression  plant.  The  con- 
densate, which  has  a  gravity  of 
86®  B.,  is  held  xmder  a  pressure 
of  10  to  15  pounds  and  kept 
cool  by  shading  or  insulating 
the  storage  tanks  imtil  the  prod- 
FiouBB  4.— Trap  used  with  shallow  pumping  weUs.  uct  is  blended  with  naphtha. 

a  gas  outlet;  6    gas  and  oU  Inlet;  c,  oil  outlet;        rpy^  company  haS   three   dif- 
d,  manhole;  e,  clean  out; /,  holes  for  gage  glass.  i         .  v*-*^/^   %*** 

ferent  production  conditions  to 
meet  in  the  use  of  traps  as  follows:  (1)  Shallow  pumping  wells  which 
have  little  or  no  gas  pressure,  (2)  deep  pumping  wells  with  varying  pres- 
sures of  gas,  and  (3)  deep  flowing  wells  which  have  more  or  less  pressure 
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on  bo th  gas  and  oil  at  all  times  and  flow  by  head .     Each  condition  is  met 
by  the  use  of  traps  of  somewhat 
different   design   and   operation. 

Oil  and  gas  from  the  shallow 
pumping  wells  is  carried  through 
flew  lines,  each  controlled  by  a 
check  valve,  to  a  manifold,  from 
which  all  the  oil  and  gas  goes 
through  one  line  to  a  simple  trap 
(fig-  4),  the  gas  drawn  out  at  the 
top  at  5  to  15  inches  vacuum  to 
the  scrubbers  and  vacuum  pump, 
the  oil  being  drawn  off  at  a  point 
near  the  trap  bottom,  to  storage. 

Production  from  deep  wells  flow- 
ing or  pumping  by  "heads,"  which 
often  builds  up  pressure  in  traps 
and  lines  by  rushes  of  oil  and  gas 
too  large  for  the  normal  capacity  of 
simple  traps  and  vacuum  pumps, 
is  handled  by  traps  of  special  do- 
sign,  shown  in  figure  5.  Two  lines 
are  laid  from  the  well;  one  from 
the  well  tubing  carries  oil  and  gas 
pumped,  or  flowing  together,  the 
other  fine  carries  gas  from  between 
the  casing  and  tubing.  These  lines 
are  joined  a  few  feet  back  of  the 
trap  intake,  thus  forcing  all  the  gas 
and  the  oil  to  flow  together  into 
the  trap  at  a  point  near  the  top; 
the  gas  separates  from  the  oil  and 
flows  out  at  the  top  of  the  trap  to 
the  vacuum  pump.  The  oil  flows 
out  near  the  trap  bottom  through 
a  Crane  balanced  globe  valve. 
The  stem  of  the  valve  is  rigidly 
connected  to  a  counterbalanced 
float  tank,  which  rises  as  the  oil  in 
the  trap  becomes  low,  closing  the 

valve ;  fills  and  pulls  the  valve  open    figure  5.— Trap  used  on  flow  lines  under  pleasure. 

when  the  flow  increases  and  the     tf^^^lil^:,^^'^^?^^^'' ''J^ 'T^ 

.  .  DaIanoe;d,floattank;«,3-lnch  Crane  balance  globe 

oil  rises   in   the   trap.      The    float       valve;/,oIloutlct;^,  holes  for  gage  glass;  a,  cham- 

tank  is  connected  both  to  the     b-^J'-^rtngJ^PH-'^n^ctions. 

top  and  the  bottom  of  the  trap,  as  shown  in  figure  5,  by  swinging 
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pipe  connections.  As  the  oil  rises  and  falls  in  the  trap  oil  flows  in 
and  out  of  the  float  tank  through  the  bottom  pipe  connection.  Tlxo 
top  pipe  connects  the  float  tank  and  the  top  of  the  trap  and  aets 
only  as  a  pressure  equalizer.  This  trap  is  of  standard  design  and  is 
marketed  by  supply  companies.    The  trap  shown  in  figure  6  was 
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GENERAL  ARRANGEMENT  OF 
TRAP  AND  PIPE  CONNECTIONS 

FiGUSB  6.— Trap  used  with  flowing  wells. 

designed  by  the  company  using  this  system  of  holding  vacuums  on 
traps.  It  is  used,  particularly  with  flowing  wells,  in  much  the  same 
way  as  the  trap  shown  in  figure  5  and  operates  automatically. 

When  the  oil  level  rises  above  a  certain  point  the  gas  discharge 
shuts  off  entirely.  This  permits  pressure  to  build  up  on  both  intake 
and  discharge  oil  lines,  causing  a  back  pressure  on  the  intake  and  a 
greater  flow  from  the  discharge;  the  trap  thus  clears  itself  and 
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returns  to  normal  operation.  It  is  set,  as  shown  in  figure  6,  above 
both  the  well  head  and  the  storage  tanks,  so  that  when  the  oil  and 
gas  flow  is  small  and  a  vacuum  is  built  up  in  the  trap  the  20-foot 
drop  and  the  horizontal  check  valve  in  the  dischai^e  line  keep  the 
oil  from  backing  up  into  the  trap,  and  permitting  air  to  enter  the 
trap  and  the  gas  lines. 

As  an  example  of  loss  of  the  Ught  fractions  of  oil  in  storage,  a 
55,000-barrel  storage  tank  filled  with  Gushing  crude  oil  is  reported 
by  A.  N.  Kerr,  of  the  Riverside  Western  Gasoline  Co.,  to  have  lost 
by  evaporation  9  inches,  or  2.5  per  cent  of  its  total  content,  in  one 
year.  The  loss,  without  doubt,  consisted  entirely  of  the  Ught  frac- 
tions that  make  up  the  gasoline  content  of  the  crude  oil  as  it  comes 
from  the  wells.  Much  of  this  loss  might  have  been  saved  by  using 
vacuum  traps  or  by  covering  the  tank  and  connecting  it  to  the 
intake  line  of  a  compression  plant. 

FIELDS   IN   WHICH   TRAPS   ARE   USED. 

Traps  are  used  more  universally  in  the  California  fields  than  in 
other  fields  throughout  the  United  States,  because  in  California  oil 
is  sold  on  a  gravity  basis,  making  it  desirable  and  profitable  to  retain 
as  large  a  proportion  of  the  Ught  fractions  as  possible  in  the  oil  in 
order  to  keep  the  gravity  at  a  maximum.  The  general  practice,  with 
the  exception  of  the  company  using  vacuum  traps,  previoxisly  men- 
tioned, is  to  hold  pressure  on  traps  to  save  the  hght  or  gasoUne 
fractions. 

Plate  I,  B,  shows  a  view  of  the  Starke  trap,  designed  and  patented 
by  I>r.  Eric  A.  Starke,  of  the  Standard  Oil  Co.  of  California,  and  used 
by  that  company. 

Plate  I,  0,  shows  the  McLaughlin  compound  trap,  capacity  800 
barrels  of  oil  and  7,000,000  cubic  feet  of  gas  per  day  at  300  pounds 
pressure,  patented  by  A.  C.  McLaughlin,  of  the  Kern  Trading  & 
Oil  Co.,  on  the  left,  and  the  McLaughhn  single-chamber  trap,  on  the 
right.    Plate  III,  A  shows  the  cone  chamber,  McLaughlin  trap. 

Simple  cylindrical  traps  used  in  the  Fullerton  field  in  conjunction 
with  a  casing-head  gasoline  plant  are  shown  in  Plate  lY,  A. 

GATHEBING  LINES. 

Gas  from  casing  heads,  tubing,  traps,  or  flow  tanks  to  be  treated 
by  compression  is  led  through  small  (xisually  2-inch)  hnes  to  a  gas 
main  that  carries  it  directly  to  the  plant  or  to  a  vacuum  or  pumping 
station. 

At  plants  where  the  gas  comes  from  near-by  wells  and  the  gather- 
ing lines  are  short,  and  it  is  not  desirable  to  hold  a  high  vacuum  on 
the  wells,  the  vacuum  needed  to  carry  the  gas  through  the  hnes  is 
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often  developed  in  the  low-pressure  cylinder  of  the  compression  plant. 
By  this  method  a  vacuum  pump  is  at  many  plants  imnecessary,  and 
the  plant  is  simplified  by  requiring  one  less  unit.  From  this  con- 
dition the  practice  varies  to  plants  at  which  gas  is  gathered  from 
areas  as  large  as  32  square  miles,  with  6  and  8  inch  mains  7  to  10 
miles  long,  and  as  many  as  30  substations  or  gas  pumps  forcing  gas 
through  the  pipe  lines  to  the  compression  plant  and  holding  the 
desired  vacuimi  on  the  wells.  In  order  to  hold  high  vacuums  on 
the  wells  from  which  gas  is  being  drawn  it  is  necessary  to  have  the 
vacuum  pump  close  to  the  wells,  as  it  is  impossible  to  maintain  a 
minimum  pressiu*e  through  pipe  Unes  of  great  length. 

In  designing  a  plant  or  plants  to  treat  gas  coming  from  a  lai^e  area 
the  number  of  plants,  the  number  of  vacuum  and  booster  stations, 
the  situation  of  the  plant  or  plants,  and  the  size  and  length  of  the 
pipe  hnes  require  careful  mathematical  calculations  to  determine  the 
most  economical  installation.  Many  plants  visited  by  the  writer 
showed  that  Uttle  or  no  consideration  had  been  given  to  these  fea- 
tures. Such  conditions  may  be  due  partly  to  the  use  of  gas  lines 
laid  before  the  treatment  of  gas  was  considered  and  the  reversal 
of  the  direction  of  flow  in  parts  of  such  hnes  in  order  to  bring  the  gas 
to  the  plant.  The  fall  in  pressure  as  the  gas  flows  through  the  pipe 
hnes  and  the  increase  in  volume  caused  by  the  lowered  pressure  and 
the  increased  number  of  lead  lines  from  wells  as  the  gathering  pro- 
gresses toward  the  plant,  make  it  essential  to  use  pipes  of  progres- 
sively increasing  diameter  as  the  gas  approaches  the  plant. 

If  vacuum  pumps  and  booster  stations  are  placed  at  points  in  the 
gathering  lines  to  reduce  the  volume  and  increase  the  pressure  of 
the  gas,  the  hnes  leading  from  such  plants  may  be  smaller  than  those 
transmitting  the  gas  under  lower  pressures. 

In  practice  the  sizes  of  gas  mains  have  been  determined  usually 
by  rule  of  thumb  and  bear  httle  relation  to  the  actual  volumes, 
gravities,  and  pressiu*es  of  the  gas. 

FLOW   OF  GAS   IN   PIPE   LINES. 

In  designing  gathering  S3rstems  of  compression  plants  to  treat  or 
pump  gas,  the  determination  of  the  proper  size  of  pipe  to  use  in 
lines  for  carrying  a  given  quantity  of  gas  at  known  pressures  is  so 
essential  that  the  writer  beheves  the  formulas  covering  these  points 
will  be  of  value  and  interest  to  those  engaged  in  compressing  gas. 
Formulas  and  tables  on  the  flow  of  gas  in  pipes  have  been  developed 
by  T.  R.  Weymouth,  of  Oil  City,  Pa.,  and  discussed  by  him  in  a 
paper  *  written  for  and  published  by  the  American  Society  of  Mechan- 
ical Engineers.  These  formulas,  with  that  part  of  the  paper  that 
treats  of  the  flow  of  gas  in  pipe  lines,  are  given  on  pages  107  to  112. 

a  Weymouth,  T.  R.,  Problems  in  natural-gas  engineering:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  34,  1912, 
pp.  185-234. 


.    TWO  SINGLE  ENGINE-BED  CASTINSS,  WEIGHT  31,000  POUNDS  EACH. 


B.    STARKE  TRAP  AND  CONNECTIONS,  USED  WITH  GUSHERS   MAKINQ  LARQE  QUANTITIES 
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DBIP8  AND  8CBT7BBEB8. 

Particles  of  crude  oil  are  often  carried  into  gas  lines  from  flow 
lines,  flow  tanks^  and  traps;  these,  with  fractions  of  heavy  vapors 
condensed  by  changes  in  temperature  and  pressure  of  the  gas  in  the 
transmission  lines  would,  if  not  removed,  cause  trouble  in  the  pipes, 
damage  machines  and  meters,  and  discolor  the  condensate  produced 
in  the  first-stage  accumulators. 

DBIPS. 

I>rips  are  placed  at  the  low  points  in  gas  pipe  lines  to  collect  and 
remove  condensed  moisture  and  naphtha  vapors  and  crude  oil  car- 
ried into  the  line,  which  if  permitted  to  accumulate  would  restrict 
the  passage  and  might  do  considerable  damage  by  being  forced 
through  the  line  as  a  slug,  forming  a  powerful  hammer.  The  type 
of  drip  usually  foimd  is  constructed  of  one  or  two  lengths  of  6  or 
8  inch  pipe  capped  at  both  ends  and  connected  by  a  1  or  2  inch  pipe 
and  valve,  placed  at  the  lowest  point  of  a  downward  curve  in  the 
gas  main.  The  liquids  settling  to  this  point  drain  into  the  drip  and 
are  either  blown  out  and  wasted,  or,  if  the  quantity  and  quality 
warrant  saving,  are  collected  in  tanks  and,  after  being  distilled  or 
filtered,  are  used  for  blending  or  are  sold. 

Officials  of  a  plant  visited  by  the  writer  gave  the  following  data  on 
''line  distillates"  collected  by  tank  wagons  from  the  gas-line  drips: 

Data  on  distillaU  collected  from  gas-line  drips. 

Volume  collected,  gaUons. 

August,  1915 7, 000 

November,  1915 14,625 

January,  1916 19,142 

March,  1916 11,549 

Average  gravity  for  an  entire  year,  55**  B. 

The  figures  represent  the  total  quantity  of  condensate  collected 
during  the  month  named  and  show  the  direct  effect  of  atmospheric 
temperature  on  the  quantity  precipitated.  The  product  as  collected 
was  discolored,  but  as  all  the  condensate  produced  was  shipped  to 
the  refinery  with  the  crude  oil  in  pipe  lines,  the  color  of  the  line  dis- 
tillate was  of  no  importance. 

SCRUBBERS. 

The  term  '^scrubber/'  as  used  in  the  casing-head  gasoline  industry, 
is  restricted  in  its  meaning  to  tanks  for  settling  liquids  out  of  the 
gas  or  to  tanks  fitted  with  baffles  or  some  form  of  filter  for  removing 
liquids  or  dust  from  the  gas,  and  is  not  used,  as  in  the  coke-oven  or 
the  artificial  gas  industries,  to  designate  equipment  in  which  certain 
constituents  are  removed  by  chemical  action  or  absorption  in  liquids. 

The  usual  form  of  scrubber  is  a  vertical  tank  (see  Plate  IV,  B) 
vaiying  from  3  by  6  feet  to  6  by  20  feet  in  size,  with  a  gas  inlet  in 

7338**— 18— Bull.  151 ^3 


26  REGOVEBY  OF  GASOLINE  FBOM  NATURAL  GAS. 

the  side  and  near  the  bottom,  the  end  of  the  mlet  pipe  being  tinned 
downward  or  fitted  with  a  baffle,  so  that  the  gas  dischaiges  toward 
the  bottom.  The  gas  rises  through  the  tank  slowly,  thus  permitting 
particles  of  Uquid  or  dust  to  settle. 

Scrubbers  of  the  filter  type  are  of  the  same  size  and  form  as  the 
settUng  tank,  but  have  perforated  horizontal  partitions  on  which  are 
various  filtering  mediums  such  as  moss,  hay,  or  sponge.  When  the 
filtering  medium  becomes  saturated  or  dirty  it  is  removed  and 
burned,  if  moss  or  hay,  or  is  cleaned  and  replaced,  if  sponge  is  used. 
Scrubbers  are  always  put  in  pipe  lines  ahead  of  compression  machines, 
meters,  and  the  pump.  They  also  serve  as  intake  receivers  for  the 
gas  pump  or  the  compressor,  one  tank,  3  by  6  feet  in  size,  being  used 
on  the  intake  of  each  machine,  or  a  tank  of  corresponding  larger 
capacity  for  the  entire  plant  intake. 

VACUUM  STATIONS. 

The  number  and  the  situation  of  vacuum  pumps  and  booster  sta- 
tions on  a  gas-gathering  system  depend  on  the  vacuum  to  be  held  on 
the  wells,  and  the  length  and  size  of  the  pipe  lines  through  which  the 
gas  is  to  be  forced.  When  it  is  desired  to  hold  the  vacuum  on  the 
wells  at  the  maximum,  as  is  usual  in  the  eastern  fields,  the  vacuum 
pump  must  be  placed  near  the  wells,  because  friction,  and  often  pipe- 
line leakage,  reduces  the  suction  on  the  well.  The  most  common 
vacuum-pump  installation  consists  of  a  gas  engine  of  35  to  70  horse- 
power belted  to  a  duplex  pump  having  cylinders  varying  between 
10  by  17  inches  and  20  by  20  inches.  Intake  pressures  vary  between 
14  and  26  inch  vacuums,  and  discharge  pressures  between  a  vacuum 
of  5  inches  and  a  gage  pressure  of  5  pounds. 

The  "booster,"  if  used,  is  to  be  placed  in  the  same  building  as  the 
vacuTun  pump.  Power  is  developed  by  a  25  to  70  horsepower  gas 
engine,  either  belted  or  direct  connected  to  a  compressor  used  to 
increase  the  pressure  and  force  the  gas  through  field  lines  either  to 
another  pump  and  booster  or  to  the  main  compression  plant.  CJom- 
pressors  used  in  this  way  take  gas  directly  from  the  discharge  of  the 
vacuum  pump,  usually  holding  a  light  (zero  to  5-inch)  vacuum  at 
the  intake,  thus  reUeving  the  pump  from  working  against  high  dis- 
charge pressures.  Gas  pumps  are  buUt  too  light  to  pump  gas  against 
pressures  exceeding  10  pounds  and  usually  discharge  at  nearly  zero 
gage  pressure.  Compressors  used  as  boosters  deliver  gas  to  the  lines 
at  pressures  of  20  to  40  pounds  and  at  any  temperature  incident  to 
the  compression. 

Keeping  gas  under  positive  pressure  through  as  muoh  of  the  gather- 
ing system  as  possible  tends  to  prevent  air  being  drawn  in  and  con- 
taminating the  gas,  although  any  pressure  high  enough  to  keep  air 
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yapors,  to  escape.  Air  in  gas  cuts  down  the  voluxne  of  gas  treated, 
necessitates  the  use  of  higher  pressures  to  precipitate  the  condensate, 
and  carries  varying  proportions  of  water  vapor  which  condense  with 
the  gasoline.  Another  advantage  of  transmitting  gas  under  pressure 
is  that  pipe-line  capacities  are  increased,  making  possible  the  use  of 
pipe  of  smaller  diameter  in  the  gathering  system. 

There  is  a  decided  tendency  at  the  present  time  in  favor  of  welded 
joints  in  pipe  lines  to  cany  gas  either  at  vacuums  or  positive  pres- 
sures. It  is  claimed  that  lines  with  such  joints  cost  less  in  upkeep 
and  repairs  and  can  be  maintained  practically  gas  tight. 

SrrUATION  OF  PLANT. 

Factors  entering  into  the  problem  of  the  best  situation  for  a  com- 
pression plant  to  treat  gas  from  a  given  area  are  so  numerous  and 
varied  that  no  rules  which  would  apply  even  in  a  general  way  to  all 
conditions  found  in  oil  fields  can  be  given. 

The  most  important  factors  and  those  which  will  have  the  greatest 
weight  in  determining  the  most  practicable  situation  for  a  plaat  are: 
Water  supply,  transportation  facilities,  and  the  length  of  gathering 
lines  and  return  dry-gas  lines  necessary.  In  eastern  fields  an  ample 
water  supply  can  usually  be  easily  obtained  from  a  creek,  river,  or 
wdl,  and  causes  little  concern  to  plant  operators,  but  in  the  Mid- 
Continent  and  the  western  gas-producing  areas  the  question  of  water 
supply  often  becomes  of  major  importance. 

In  the  California  fields  some  plants  pay  as  high  as  3^  cents  per  barrel 
for  water,  which  has  to  be  treated  or  condensed  before  it  is  fit  for  use 
in  boilers  or  jackets.  Other  plants  pump  their  water  for  distances  of 
several  miles,  and  at  these  the  cost  of  installation,  operation,  and 
upkeep  of  the  pumps  and  the  pipe  lines  make  the  cost  of  water  an 
important  item.  One  California  plant  is  using  water  separated  from 
the  oil  in  a  dehydration  plant  on  the  cooling  coils,  and  is  distilling 
and  condensing  water  for  jacket  use,  all  other  sources  of  water  having 
practically  failed. 

It  is  obvious  that  the  nearer  the  plant  is  to  the  center  of  gas  pro- 
duction the  smaller  will  be  the  size  of  the  pipe  hues  and  the  amoxmt 
of  power  required  to  conduct  the  gas  to  the  plant.  However,  other 
factors,  such  as  water-supply  and  transportation  facilities  may  affect 
the  choice  of  a  site.  The  plant  should  be  so  situated  as  to  suit  best 
all  conditions,  each  being  considered  in  regard  to  the  others.  Com- 
pression plants  are  often  built  on  a  hillside,  advantage  being  taken 
of  the  natural  slope  to  install  a  gravity  system  of  handling  the  water 
and  the  condensate.  The  water,  being  drained  from  all  points  of 
use  to  one  pond  or  basin,  requires  only  one  pumping  unit  to  return 
it  to  the  top  of  the  towers  or  the  storage  tank  above  the  plant, 
from  which  it  is  drawn  for  all  purposes,    FlUrtes  II;  B,  and  III;  B, 
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show  plants  using  a  gravity  system  for  handling  water  and  con- 
densate. In  this  system  the  condensate  can  be  run  by  gravity  from 
accumulators  and  ''make"  tanks  to  storage  and  blending  tanks. 
The  accumulators  do  not  have  to  be  set  in  pits  or  cellars;  this  is  a 
decided  advantage,  because  gasoline  vapor  may  collect  in  such  pits, 
unless  they  are  thoroughly  ventilated,  in  sufficient  quantity  to  form 
an  explosive  or  asphyxiating  atmosphere  and  endanger  the  safety 
of  the  plant  and  the  men.  At  plants  visited  by  the  writer  three  men 
have  lost  their  lives  by  suffocation  in  pits  filled  with  gasoline  fumes. 
Some  plants  have  a  rule  that  a  man  before  going  into  a  cellar  con- 
taining accumulator  tanks  shall  notify  another  workman,  or,  if  there 
is  known  danger  from  leaks,  men  shall  work  only  in  pairs  or  within 
calling  distance  of  each  other.  Plants  are  often  built  on  a  hill  or 
rise  because  of  the  better  ventilation  and  the  cooling  effect  on  water 
towers  and  coils. 

DATA  Olf  PLAVT  PBACTIGE. 

A  number  of  tables  compiled  from  data  taken  at  each  of  the  plants 
listed  in  Table  2  or  given  to  the  writer  by  owners  or  by  officials  of  the 
various  companies  are  presented  herein. 

In  Table  2,  column  1  shows  the  field  in  which  each  of  the  plants  is 
situated.  Each  plant  is  given  a  number,  shown  in  column  2,  which 
it  retains  throughout  all  tables  and  discussions  following.  Capacity 
and  production  data  of  these  plants  are  shown  in  columns  3  to  5. 
Column  3  shows  the  quantity  of  gas  treated,  in  thousands  of  cubic 
feet,  as  estimated  by  plant  operators,  or  computed  from  meter  read- 
ings, or  from  the  compressor  displacement  and  the  number  of  revo- 
lutions, or  the  pipe-Une  capacities  at  measured  pressures.  Column 
4  represents  the  production,  after  weathering,  of  imblended  gasohne, 
and  is  approximately  the  quantity  of  condensate  sent  to  market. 
Tank-car  outage  (or  loss  in  transit)  has  not  been  deducted,  as  that 
factor  varies  widely  with  the  distance  traveled  by  the  cars  and  the 
temperatures  encountered  during  the  shipment.  Column  6  shows 
the  number  of  gallons  of  condensate  produced  from  each  thousand 
cubic  feet  of  gas  treated,  based  on  the  plant  capacity  and  the  total 
product  sold,  as  indicated  in  column  4.  The  gravity  in  degrees 
Baum6,  as  given  in  column  6,  is  determined  from  the  plant  product 
as  a  whole,  before  blending,  or  computed  from  the  gravity  of  the 
blend,  the  quantity  and  the  gravity  of  the  blending  stock  used  being 
known. 
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Tabls  2. — Data  tifurwvng  situationy  capacity,  and  output  of  the  plants  visited,  and  the 

gravi^  of  the  product. 


Field  where  plant  Is  situated. 


ruUbmla  fields: 

FullertoD 

Do 

Do 

Do 

Do 

SsntalCaria 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ventura 

Do 

Salt  Lake 

Do 

Do 

Midway 

Do 

Do 

Eastern  fields: 

Bradford.  Fa 

Sisteisville,  W.  Va. 

Do 

Do 

Do 

Soatbem  Illinois.. 

Do 

Do 

Mid-Cootinent  fields: 
Glenn  pool 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Soath  Glenn  pool. 
Morris 

Do 

BegM 

Miukof^ 

Do 

Oleimpool 

Cushingpool 

CleTelaoa 

Muskoeee 

Do 

Cusliini; 

Kowata 

Do 

Do 

Do 

MorriB 

Do 

Kowata 

Do 

Do 

Glenn  pool 

Do 


Plant 
No. 


1 
2 
3 
4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

M9 

20 

»21 

22 
23 
24 
€25 
20 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
66 
57 
58 
59 
60 
61 
62 
63 
64 


Capacity 

(in  1,000 

cubic  feet). 


1,000 

350 

450 

1,250 

6,000 

2,500 

7,500 

500 

1,000 

750 

1,500 

700 

(•) 
1,000 


250 
750 


1,800 
1,500 
1,000 

600 
200 
376 


500 
750 


750 

375 

3,000 

1,800 

750 

350 

2,000 

400 

750 

200 

250 

350 

450 

300 

500 

350 

300 

350 

1,200 

2,000 

1,200 

250 

250 


/2,250 

1,250 

380 

830 

2,000 

400 

1,000 

500 

280 

487 

515 


Dally 

production, 

gallons. 


600 
1,200 

700 
1,600 
1,200 
5,500 
7,500 
600-600 
2,500 
1,200 
3,000 
1,500 


2,000 

800 

325 

810 

1,500 

1,400 

1,400 

700 

1,200 

800 

1,500 


500 
200 


3,000 

1,500 

22,500 

9,000 

5,250 

1,590 

2,310 

2,565 

6,055 

510 

600 

550 

1,200 

300 

1,850 

710 

730 

300 

2,380 

2,810 

2,000 

925 

600 


10,000 
1,600 

600 
1,500 
3,000 

725 
1,900 
1,100 

420 
1,948 
2,062 


Gallons 

produced 

per  1,000 

cubic  feet 

of  gas. 


0.60 
3.40 
1.50 
1.30 
.24 
2.20 
1.00 
1.00 
2.50 
1.60 
2.00 
2.10 


2.00 


1.30 
1.10 


.78 
.90 
.70 

2.00 

4.00 
4.00 


.75 


114.00 
d4.00 


40 

.00 

00 

.52 

10 

6.40 

6.70 

50 

40 

no 

,40 
,00 
3.60 
2.10 
2.44 
.85 
2.00 
1.40 
1.67 
3.70 
<2.00 


7. 
5. 
7. 
4. 
1. 


2. 
2. 

1. 
2. 
1. 


4.00 
1.30 
1.60 
1.60 
1.50 
1.90 
1.90 
2.20 
1.50 
^4.00 
9  4.00 


Gravity, 
•B. 


68 

76 

78-80 

72-74 


81 
70 
70 
80 
74 
79 
81 


86 


65 
60-65 
68-70 
68 
67 
80 

96 

88 
90 


88 
83 
83 


77 
84 
82 
82 
96 
78 
85 


a  Plant  not  in  commiasion. 

b  Plant  capacities  doubled  and  expansion  sets  installed  or  Improved;  product  per  1,000  feet  of  gas  In- 


c  At  this  plant  gas  is  compressed  in  one  stage  to  a  pressure  of  150  pounds. 
'Estimated. 

<  Ki^ht  per  cent  water  with  high  and  low  pressure  product. 
/  Thirty  per  cent  air. 

g  Volume  of  gas  estimated  from  product  at  4  gallons  per  1,000  cubic  feet,  a  conservative  estimate  for 
gas  from  wells  m  the  Glenn  pool. 
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Table  2. — I  ata  tharving  iituation^  capacity ^  and  output  of  the  plants  visited,  and  the 

gravity  of  the  product — Contmued . 


Field  where  plant  is  sitoated. 


Mid-Continent  fields— Continued. 
Olennpool 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Caddo  (Louisiana) 

Do 

Do  Boto  (Louisiana) 

Caddo  (Louisiana) 

New  Jersey: 

Refinery 


(lallosis 

Plant 
No. 

Capacity 

(in  1.000 

cubic  feet). 

Dallv 
producuon, 

produced 
perl,000 

gallons. 

cubic  feet 

ofgas. 

66 

90 

350 

a  4. 00 

66 

90 

351 

a  4. 00 

67 

96 

384 

a  4. 00 

68 

136 

545 

a  4.00 

60 

126 

500 

a  4. 00 

70 

141 

6<S6 

a4.00 

71 

712 

2,864 

a  4.00 

72 

375 

1,500 

a  4.00 

73 

466 

1,864 

a4.00 

74 

124 

496 

a  4. 00 

75 

173 

690 

a  4. 00 

76 

2,000 

8,600 

L80 

77 

400 

640 

L60 

78 

45 

350 

7.00 

79 

250 

1,060 

4.20 

80 

1,750 

5,400 

8.09 

Gravity, 
•B. 


79 

79 

73 

680 

76-03 


•  Volume  of  gas  estimated  from  product  at  4  gallons  per  1,000  cubic  feet,  a  conservative  estimate  for 
gas  from  wells  m  the  Olenn  pool. 

b  50  per  cent  of  this  product  was  from  low-pressure  cylinder  and  50  per  cent  from  hlgh-pressoie  cylinder 
and.  expansion  ooiL 

In  the  following  pages  the  writer  has  endeavored  to  describe  as 
nearly  as  possible  the  treatment  of  natural  gas  in  the  recovery  of 
gasoline  by  the  compression  process,  and  the  mechanical  tmits  used. 

The  controlling  functions  of  low  and  high  pressure  compression 
units  of  the  plants  studied  by  the  writer  are  shown  in  Table  3. 

Plant  2  is  described  in  detail  in  pages  63  to  65.  Plant  5  is  a  gas- 
pumping  station,  the  condensate  collected  in  cooling  the  gas  before 
transmission  is  noted  as  production  in  Table  2  (p.  29).  This  gas 
after  transmission  through  the  pipe  lines  is  treated  in  an  absorption 
plant.  Plant  10  uses  three^tage  compression.  Plant  25  uses  one- 
stage  compression,  compressing  to  a  pressure  of  150  pounds.  Plant 
80  is  a  refinery  at  which  uncondensed  still  vapors  are  treated  by 
compression;  this  plant  is  described  in  detail  in  later  paragraphs. 

PLANT  INTAKE. 

Table  3  shows  that  the  temperature  and  the  pressure  at  the  plant 
intakes  vary  widely.  The  pressures  tabulated  as  pressure  at  plant 
intake  represent  the  pressure  shown  at  the  suction  of  the  first-stage 
compression  cylinder.  Vacuum  pumps,  even  if  installed  at  the  plant, 
are  considered  as  part  of  the  gathering  system,  and  vacuum  at  plants 
where  the  compression  cylinders  are  used  to  hold  vacuxmi  on  the 
gathering  system  is  taken  as  part  of  the  compression  operation  and 
not  as  a  part  of  the  gathering  system  to  which  it  rightly  belongs. 
The  intake  pressures  used  vary  from  18-inch  vacuum  to  5-pound 
pressure,  and  the  temperatures  from  60°  to  125®  F.,  the  average 
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pressure  being  approximately  that  of  the  atmosphere,  and  the  average 
temperature  80**  F.  The  temperature  of  60®  F.  noted  above  was 
recorded  at  plant  1,  where  the  gas  is  cooled  in  coils  placed  in  a  water 
to^ver  before  it  is  compressed,  and  the  temperature  of  125®  F.  at  a 
plant  where  a  vacuimi-pump  discharge  is  used  as  the  first-stage  suction 
without  cooling. 

PREOOOLING. 

Cooling  the  gas  before  it  enters  the  first  stage  of  compression, 
although  not  generally  practiced,  has  distinct  advantages.  Reducing 
the  temperature  of  the  gas  decreases  the  volimie,  the  intake  pressure 
remaining  the  same,  so  that  more  gas  is  taken  into  the  compressor 
cylinder  at  each  stroke,  thus  increasing  the  efficiency. 

In  warm  climates  plants  having  gathering  lines,  traps,  and  scrub- 
bers exposed  to  the  sun,  which  may  heat  the  incoming  gas  to  tempera^ 
tures  higher  than  110®  F.,  or  having  gas  pimips  and  "booster"  com- 
pressors in  the  gathering  systems  with  no  cooling  coils  after  such 
imits  and  before  the  plant  intake,  can  by  installing  coils  or  other 
cooling  apparatus  increase  both  the  plant  efficiency  and  the  carrying 
capacity  of  the  pipe  lines.  Cooling  the  intake  gas  30®  or  60®  F.  will 
increase  the  quantity  treated  by  a  compression  unit  5  to  10  per  cent 
and  lower  proportionally  the  temperature  of  the  gas  discharged  from 
the  compressor.     (See  Table  11,  p.  112.) 

A  plant  in  California  lowered  the  temperature  of  the  gas  about 
40**  F.  by  passing  it  through  a  water-cooled  coil  ahead  of  the  low- 
pressure  intake.  On  the  day  of  the  writer's  visit  1,250,000  cubic 
feet  of  gas  was  handled  and  the  temperature  lowered  from  114®  to 
74®  F.  The  coil  used  consisted  of  twelve  3-inch  pipes  25  feet  long, 
in  10-inch  headers,  placed  horizontally  in  the  cooling  tower  below 
the  high  and  the  low  pressure  gas  coils. 

A  plant  in  Louisiana  uses  water  cooling  ahead  of  the  vacuum 
pump  and  the  first-stage  compression  intakes.  In  gas  transmission 
gas  piped  to  market  is  always  cooled  before  being  permitted  to  enter 
the  mains,  in  order  to  increase  the  capacity  of  the  line  and  to  pre- 
cipitate as  much  condensate  and  water  vapor  as  possible. 
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S4  BECOVeHY  of  gasoline  from  KArtJBAL  GAS. 

FIBST-STAaE  PBESSUKBS  AND  TEMPEBATimBS  USED. 

In  plants  using  two-stage  compression,  the  average  pressure 
developed  by  the  first  stage  is  between  40  and  50  pounds  per  square 
inch;  the  temperature  rises  to  between  200^  and  250°  F.,  depending 
on  the  temperature  of  the  gas  at  the  compressor  intake  and  the 
number  of  compressions  developed. 

The  increase  in  temperature  of  the  gas  from  compression  is  a  func- 
tion of  the  power  used  to  raise  the  pressure  to  the  desired  point.  The 
power  used  depends  on  the  number  of  compressions  through  which 
the  gas  is  forced  between  its  initial  and  final  volume.  As  the  amount 
of  power  actually  expended,  and  not  the  initial  and  the  final  pressure, 
determines  the  rise  in  temperature  the  temperature  increase  due  to  a 
given  number  of  compressions  should  be  the  same.  If  the  intake 
temperatures  of  the  high  and  the  low  stage  compressor  cylinders 
are  equal,  the  final,  or  discharge,  temperature  of  both  cylinders  of  a 
two-stage  compressor  or  of  two  single-stage  machines  acting  as  a  high 
and  a  low  stage  unit  should  be  the  same,  provided  they  are  of  equal 
horsepower  and  working  properly  and  under  imiform  conditions. 
This  is  found  to  be  approximately  true  in  plant  practice,  as  is  shown 
by  the  temperatures  of  the  compressor  discharges  given  in  Table  3. 

The  line  carrying  the  compressed  gas  from  either  the  high  or  the 
low  stage  cylinder  is  usually  fitted  with  safety  valves  set  to  pop  at 
pressures  of  5  to  20  pounds  above  the  desired  pressure  in  order  to 
protect  the  machine  in  case  a  valve  farther  along  in  the  system  may 
have  been  left  closed  or  a  pipe  in  the  coils  or  other  imits  in  the  gas 
circuit  should  become  stopped  or  clogged,  thus  causing  pressure 
to  build  up  throughout  the  system.  In  plants  using  expansion 
engines  this  condition  may  occur  at  any  time  through  the  engine 
valves  freezing,  thus  stopping  the  usual  dischai^e. 

ATMOSPHERIC  COOLINa. 

The  compressed  gas  discharged  from  the  compressor  is  carried 
through  an  oil  separator,  placed  just  ahead  of  the  cooling  coils, 
which  traps  any  lubricating  oil  vaporized  in  the  cylinders  or  carried 
mechanically  with  the  gas,  the  oil  being  condensed  by  the  time  the 
gas  reaches  the  trap.  Cooling  to  this  point  is  effected  by  radiation 
to  the  atmosphere  surrounding  the  gas  discharge  pipe  and  to  the 
jacket  water  around  the  compressor  cylinder.  Some  operators  are 
employing  air  cooling  extensively  in  order  to  save  water,  the 
practice  being  to  use  a  much  larger  pipe,  exposed  as  far  as  possible 
to  the  atmosphere,  for  conveying  the  hot  gas  from  the  compressor 
discharge  to  the  water  coils,  thereby  reducing  the  speed  of  flow  and 
so  increasing  the  time  of  transmission  that  the  temperature  of  the 
gas  is  materially  lowered.  One  plant  with  a  daily  capacity  of 
1,250,000  feet  and  using  6-inch  pipe  to  carry  both  high  and  low 
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pressure  gas  to  the  coib,  reduces  the  temperature  between  the  com- 
pressor dischai^  and  the  coil  mtake  80^  (240^  to  160^  F.)  even  in 
warm  weather.     In  cold  weather  the  reduction  is  greater. 

Methods  of  air  cooling  are  being  rapidly  developed  and  installed 
in  districts  where  water  is  scarce  and  expensive,  or  the  supply 
uncertain. 

COOLINa  COILS. 

In  the  eastern  fields  the  cooling  coils  are  generally  of  the  continuous, 
submerged  type,  consisting  of  a  2-inch  pipe  20  feet  long,  submerged 
in  a  tank  of  water.  The  total  length  of  the  coil  varies  between  300 
&nd  500  feet,  and  the  radiating  area  is  0.6  to  0.7  square  feet  per 
1,000  cubic  feet  of  plant  capacity,  and  2  to  5  square  feet  per  horse- 
power used  in  compression.  A  continuous  flow  of  water  through  the 
tank  cools  the  gas  to  approximately  the  same  temperature  as  the 
water. 

In  western  and  Mid-Continent  practice  a  different  method  has 
been  developed.  Because  of  the  difficulty  of  obtaining  a  continuous 
supply  of  cool  water,  ^t  is  necessary  to  use  the  same  water  over  and 
over  again  in  a  closed  circuit,  the  water  being  cooled  in  towers  or  in 
sprays  over  the  principal  storage  pond  or  basin. 

COOIJNa  WATER  BY  EVABOBATION  AND  RADIATION. 

Water  exposed  to  air  cools  in  two  wajB — ^by  radiation,  as  long 
as  the  water  is  warmer  than  the  air,  and  by  evaporation.  ^  To  obtain 
the  greatest  cooling  effect  the  water  must  be  so  exposed  to  the  air 
as  to  present  the  greatest  possible  surface.  At  some  plants  the  water 
is  cooled  in  towers  (PL  V,  A)  by  means  of  sprays,  or  by  permitting 
the  water  to  fall  in  small  streams  on  wire  netting  or  screens,  usually 
placed  above  the  coils,  thus  atomizing  the  water  and  presenting  a 
large  surface  to  the  air.  The  falling  spray  is  often  collected  by 
V-«haped  troughs  that  are  placed  a  few  inches  above  the  top  pipe  of 
the  coil  and  direct  the  flow  of  cooled  water  over  the  entire  series  of 
pipes.  The  water,  dripping  from  the  lowest  pipe  of  the  coil,  is  col- 
lected in  a  shaUow  basin  beneath  the  coil  and  the  tower,  piunped  to 
the  top  of  the  tower,  and  used  again. 

Plates  VI  and  VII  show  views  of  a  compression  plant  and  the 
general  arrangement  of  towers,  compressor  building,  and  storage 
tanks. 

Some  plants  use  a  spray  over  a  pond.  The  water  is  collected 
beneath  the  coils  and  conducted  to  a  cistern  from  which  it  is  pumped 
through  upward  sprayers  placed  over  the  storage  pond,  thence  it  is 
again  pumped  over  the  coils.  The  finely  divided  particles  of  water 
in  the  spray  are  cooled  by  radiation  and  evaporation  while  falling 
into  the  main  body  of  water  below.     This  system,  although  producing 

o  Hansbniid,  £.,  Evaporating,  condensing,  and  cooling  apparatoa,  1903,  400  pp. 
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satisfactory  temperatures,  wastes  more  water  than  the  tower  installa' 
tions,  more  being  carried  away  mechanically  by  the  wind;  there  is 
also  a  waste  due  to  seepage,  if  the  pond  is  of  earth.  The  surface  of 
the  water  in  the  pond  is  often  exposed  to  the  heat  of  the  sun,  which 
warms  the  body  of  water  after  cooling  and  before  use  over  the  coils. 
The  sim  has  a  decided  effect  in  raising  the  temperature  of  the  water 
in  regions  where  the  weather  is  warm  during  a  large  part  of  the  year, 
as  in  Oklahoma  and  southern  California. 

WATEB   COOLING   IN   TOWERS. 

In  towers,  during  hot  dry  weather,  temperatures  10®  to  40°  F. 
below  that  ol  the  atmosphere  are  at  times  obtained  with  minimuTn 
losses  of  water.  Many  plant  operators  who  have  not  experimented 
to  find  the  amount  of  water  that  gives  the  lowest  temperature 
to  the  gas  being  treated,  use  far  more  than  is  needed  or  gives  the  best 
results.  Water  faUing  in  excessive  quantities  in  a  tower  does  not 
acquire  the  lowest  possible  temperature  from  radiation  or  evaporation, 
and  the  large  bulk  of  water  flowing  over  the, coils  can  not  cool  the 
gas  as  eificiently  as  a  smaller  amount  does,  for  the  same  reason.  The 
best  results  are  obtained  when  minimum  quantities  of  water  are 
circulated  and  finely  divided  while  passing  downward  through  the 
tower.  Only  enough  pt  the  cooled  water  should  be  directed  onto 
the  pipe  coils  to  keep  all  parts  thoroughly  wet,  thus  giving  the  water 
the  greatest  possible  opportunity  to  evaporate. 

The  use  of  auxiliary  cooUng  agents  such  as  ammonia  or  ammonia 
and  brine  is  discussed  later  in  connection  with  the  descriptions  of 
plants  using  such  methods. 

It  may  be  of  interest  and  use  to  operators  to  note  here  the  latent 
heats  of  vapors  being  treated  in  the  cooHng  coils.  Burrell"  giv^  the 
following  values  for  the  latent  heats  of  some  petroleum  distillates: 

Specific  gravities  and  latent  heats  of  four  distillates. 

Specific      Latent  he&t, 
gravity,  'B.    B.  t.  u.  per 
pound. 

Kerosene 43  105 

Naphtha , 56  103.5 

GasoHne 65  100.6 

Gasoline 89  100.2 

In  gasoline  computations  it  is  customary  to  use  as  the  latent  heat 
100  B.  t.  u.  per  poimd.  Kent  gives  the  specific  heat  of  liquid 
gasoline  of  specific  gravity  0.68  to  0.70  as  0.53  to  0.55,  and  Lucke** 
quotes  Regnault  as  stating  that  methane  gas  has  a  specific  heat  of 
0.5929  at  constant  pressure  and  0.4505  at  constant  volume. 

a  Burrell,  O.  A.,  Personal  communication. 

f>  Luoke,  C.  E.,  Engineering  thermodynamics,  1912,  p.  578. 
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TY^BS  OF  OOILS  AND  OONNBCTIONS  USED. 

Two  systems  of  pipe  connections  are  used  between  compressor 
discharges  and  cooling  coils.  In  one  system  all  low-^tage  compressors, 
and  likewise  all  high-^tage  compressors,  discharge  the  compressed 
gas  into  a  common  pipe  or  manifold,  from  which  it  is  distributed 
by  a  manifold  to  the  different  sets  of  coils  being  used  to  cool  the  hot 
gas.  (See  figure  9,  page  50.)  The  other  system  is  to  lead  the  gas 
dischaiged  from  each  cylinder  through  a  separate  coil  which  cools  only 
the  gas  from  that  compressor,  the  gas  treated  by  each  unit  being 
kept  separate  throughout  its  entire  circuit.  The  first  method  has 
the  advantage  of  permitting  one  coil  to  be  shut  down  or  cut  out  for 
repedrs  while  the  compressor  is  running,  the  discharge  from  that 
machine  being  cooled  in  the  coils  still  in  use,  or  conversely,  the  coil 
may  remain  in  use  while  the  compressor  is  idle,  and  treat  gas  from 
other  units.  In  the  second  method  of  connection  if  any  coil  or 
machine  is  out  of  commission  the  entire  unit  of  which  it  is  a  part 
must  be  stopped,  causing  more  of  the  plant  to  be  idle. 

Throughout  the  districts  making  natural-gas  gasoUne  the  2-inch 
pipe  in  cooling  coils  is  standard,  and  only  a  few  plants  using  other 
sizes  were  foimd  by  the  writer. 

Systems  and  methods  of  connection  vary  widely,  ranging  from 
continuous  return-bend  coils  in  which  all  of  the  gas  passes 
through  the  entire  coil,  to  coils  which  divide  first  into  two  or 
more  headers,  and  then  into  numerous  separate  pipes.  In  the 
multiple-header  system  each  portion  of  gas  passes  through  short 
lengths  (20  to  80  feet)  of  the  coil,  and  is  again  collected  by  headers 
before  going  to  the  accumulator  tank  and  to  the  next  stage  of  treat- 
ment. In  the  continuous  system  the  gas  passes  rapidly  through  the 
total  length  of  pipe,  its  temperature  being  reduced  during  the  whole 
time  of  travel  from  end  to  end  of  the  coil.  In  the  multiple  method 
the  rate  of  flow  in  each  pipe  is  reduced  in  proportion  to  the  nimiber 
of  pipes  used,  so  that  the  gas  is  sufficiently  cooled  while  traveling 
through  such  a  short  length  of  coil. 

There  is  much  difference  of  opinion  among  operators  as  to  which 
method  gives  the  more  satisfactory  results.  Many  of  the  newest 
plants  combine  the  two  methods,  as  follows:  Each  coil  unit  is 
divided  at  the  intake  by  a  header  into  3  to  12  sets  of  2-inch  continu- 
ous return-bend  coils,  each  being  4  to  16  pipes  high,  and  generally 
20  feet  long,  depending  on  the  cooUng  area  desired.  The  intake 
header  is  placed  horizontally  at  the  top  of  the  coil  so  as  to  allow  the 
gas  to  travel  downward  in  the  same  direction  as  the  condensate.  At 
the  lower  end  of  each  set  of  return-bend  coils  the  gas  and  condensate 
are  again  collected  in  a  header  before  passing  to  the  acciunulator 
tank.     Coils  of  this  type  and  of  the  single-pipe  continuous  type  have 
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the  great  disadvantage  of  being  ^'hard  to  get  at"  in  case  any  length 
of  pipe  in  the  coil  needs  replacement,  whereas  in  mnltiple-header 
coils  in  which  the  ends  of  each  pipe  are  packed  in  a  gland,  any  mem- 
ber can  be  removed  or  replaced  without  taking  down  any  other  part 
of  the  coil. 

DIBSCnON  OF  FLOW  OF  OAS  AND  OONDENSATB. 

It  is  universally  conceded  that  the  direction  of  flow  of  gas  and  con- 
densate should  be  parallel  and  not  countercurrent.  As  the  liquid 
will  drain  toward  the  lowest  point  in  the  coil,  the  gas  must  enter  at 
the  top  in  order  to  flow  with  the  condensate.  As  an  illustration  of  the 
effect  of  counter  flow,  a  plant  in  the  Caddo  field  using  a  counter- 
current  flow  of  gas  and  condensate  in  the  water-cooled  coils  produces 
no  condensate  whatever  in  the  accumulator  tank  at  the  end  of  these 
coils.  The  gas  yields  11.8  gallons  of  condensate  per  1,000  cubic 
feet  treated,  but  this  condensate  is  all  precipitated  in  double-pipe 
condensers  cooled  by  expanded  gas  to  a  temperature  of  38®  F., 
in  which  the  flow  of  gas  and  Uquid  are  parallel.  Undoubtedly  somie 
condensate  would  be  precipitated  in  the  water-cooled  coil  if  the 
direction  of  gas  flow  was  reversed.  Other  plants  have  obtained 
similar  results  under  like  conditions;  one  example  being  a  Cali- 
fornia plant,  in  which  the  coil  dischai^e  pipe  sloped  upward  to  the 
accumulator  tank,  permitting  condensate  to  gather  in  the  bottom 
coils  and  discharge  pipe  and  be  constantly  in  contact  with  flowing 
gas.  The  acciunulator  tank  was  lowered  so  as  to  allow  a  drop  in 
grade  from  the  coils,  with  the  result  that  the  yield  of  condensate  at 
that  point  increased  noticeably.  It  seems  that  the  condensate  on 
long  and  intimate  contact  with  the  gas  as  above  described,  is  again 
taken  up  by  the  gas  as  a  vapor,  even  at  high  pressures,  and  carried 
to  some  point  more  conducive  to  precipitation  and  separation. 

That  condensate  vaporizes  in  accumulator  tanks  has  also  been 
proved  and  has  given  rise  to  the  practice  of  trapping  off  the  liquid 
as  soon  as  collected.  Because  of  the  facts  stated,  it  appears  to  be 
the  best  and  most  productive  practice  to  separate  the  gas  and  con- 
densate as  soon  as  possible  after  all  the  condensable  fractions  have 
been  precipitated  and  always  to  allow  the  gas  and  condensate  to 
flow  in  the  same  direction.  If  the  above  arguments  hold  true  under 
all  conditions,  it  would  seem  to  be  advisable  to  divide  the  gas  to  be 
cooled  into  a  number  of  coils  or  pipes  that  will  retain  it  only  long 
enough  to  obtain  the  maximum  cooUng  effect  from  the  water  used, 
and  to  separate  the  gas  and  condensate  as  soon  as  possible. 

In  order  to  divide  the  gas  from  a  header  equally  in  each  of  the  coils 
or  pipes  of  a  coil,  an  orifice  disk  is  sometimes  placed  in  the  intake  from 
the  header;  the  constriction  causes  a  sUght  back  pressure,  forcing 

the  gas  to  enter  each  coil  in  approximately  equal  quaatities^    The 
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size  of  the  orifice  is  arbitrarily  determined  by  making  the  sum  of  the 
areas  of  the  orifice  openings  equal  to  the  cross-sectional  area  of  the 
pipe  leading  the  gas  to  the  header  from  the  compressor  discharge 
or  the  discharge  manifold,  as  the  case  may  be. 

BADIATINa  ABEA  OF  LOW-PBESST7BE  COILS. 

In  Table  3  the  total  surface  areas  of  coils  used  in  cooUng  gas  from 
low-stage  cylinders  of  various  plants  visited  by  the  writer  are  tabu- 
latedy  with  the  area  per  1,000  cubic  feet  of  gas  treated  per  day;  also, 
the  area  per  horsepower  used  in  compression.  The  average  area  of 
coil  is  between  0.6  and  0.7  square  feet  per  1,000  cubic  feet  of  gas 
treated  daily  and  nearly  3.5  square  feet  per  horsepower  used  in  com- 
pression. The  latter  factor  is  more  useful  for  plant  design,  as  the  heat 
developed  in  compressing  gas  is  a  function  of  the  power  used  in  com- 
pression and  not  of  the  volume  of  gas  being  treated.  A  cooling  area 
of  4  square  feet  per  horsepower  is  usually  used  at  gas-pumping  plants 
and  has  proved  satisfactory  in  most  fields. 

Column  10,  Table  3,  gives  the  temperature  of  the  gas  leaving  the 
low-stage  water-cooled  coils  at  plants  where  such  data  was  recorded 
and  available.  Minimum  temperature  should  be  maintained  to  pre- 
cipitate the  mayimiim  percentage  of  condensate  and  benefit  high- 
stage  compressioui  as  explained  in  previous  paragraphs. 

From  these  coils  the  gas  passes  to  the  low-stage  accumulator  tanks. 
Each  coil  may  be  provided  with  a  separate  tank  or  all  the  coils  may 
be  manifolded  to  one  tank.  Plate  III,  C  (p.  26) ,  shows  the  alternate 
arrangement  of  accumulator  tanks  of  high  and  low  pressiu-e  coils,  each 
coil  having  a  separate  tank.  The  tanks  are  usually  3  to  4  feet  in  di- 
ameter by  6  to  10  feet  high.  The  gas  is  led  in  at  the  side  of  the  tank 
and  near  the  top  through  a  pipe  turned  or  baffled  downward  inside 
of  the  tank,  discharging  at  a  point  about  midway  between  the  top  and 
bottom.  The  condensate  settles  to  the  bottom;  the  gas  discharges  at 
the  top  to  the  intake  line  of  the  high-pressure  cylinder  if  each  unit 
is  independent  or  to  the  high-pressiu-e  intake  manifold  if  that  system 
is  used. 

High  and  low  pressiu-e  coils,  with  intakes  alternating,  used  at  one 
plant  are  shown  in  Plate  V,  B  (p.  34). 

P&ODTTCnOK  FROM  LOW-PRESSUBB  TBEATICENT. 

The  proportion  of  condensate  collected  in  the  low-stage  accumu- 
lator tanks  averages  15  to  30  per  cent  of  the  total  yield  and  varies 
between  nothing  and  40  per  cent,  depending  on  the  content  of  condens- 
able fractions  in  the  gas  and  on  the  temperature  and  the  pressure  used. 
Some  operators  permit  condensate  to  accumulate  in  the  tanks  until  the 
entering  gas  is  forced  to  pass  through  itj  or  to  accumulate  for  a  given 
timoi  aad  theu  rua  it  into  the  8tQra|e  tw.k  through  a  hand  valve. 
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The  general  practice,  however,  based  on  the  theory  that  to  separate 
gas  and  condensate  as  soon  as  possible  produces  the  best  results,  is  to 
remove  the  condensate  from  the  accumulator  tanks  continuously 
with  a  small  automatic  trap  that  dumps  often  and  with  but  little 
agitation  keeps  the  tank  practically  empty  at  all  times. 

HZGH-PBESSTTBE  TBEATMBNT. 

From  the  low-pressure  accumulator  tanks  the  gas  passes  into  the 
high-pressure  cylinder  of  the  compressor,  and  the  cycle  is  repeated 
except  that  the  higher  pressure  causes  the  hghter  hydrocarbons  to 
condense. 

RADIATING  AREA   OF  HIGH-PRESSURE  COILS. 

Table  3,  which  gives  the  average  surface  areas  of  both  high  and 
low  pressure  cooling  coils  at  the  plants  visited,  shows  that  a  some- 
what larger  cooling  area  is  used  for  the  high-pressure  gas.  The 
area  of  high-pressure  coils  per  1,000  cubic  feet  of  gas  cooled  daily 
was  between  0.7  and  0.8  square  feet  and  about  4.5  square  feet  per 
horsepower  used  in  compression,  whereas  that  of  the  low-pressure 
coils  averaged  between  0.6  and  0.7  square  feet  per  1,000  feet  of  gas 
and  3.5  square  feet  per  horsepower.  If  *the  same  amount  of  power 
is  used  by  each  cylinder  of  the  compressor,  there  seems  to  be  no 
reason  why  one  coohng  area  should  be  larger  than  the  other,  unless 
the  gas  was  not  cooled  in  the  low-stage  coils  to  the  temperature 
later  obtained  in  the  high-pressure  coils. 

The  experience  of  A.  W.  Peake,**  engineer  in  charge  of  gasoline 
production  of  the  Mid  West  Oil  Co.,  causes  him  to  "believe  that  the 
coil  area  of  the  intercooler  should  be  larger  than  the  area  of  the 
aftercooler  coils,  as  it  permits  condensation  of  more  gasoline  in  the 
intercooler  and  reduces  the  chance  of  carrying  condensate  over  into 
the  high  pressure  cylinders,  causing  trouble  by  cutting  the  lubricating 
oil  and  thus  wearing  out  the  cylinders  in  a  short  time.  This  trouble 
has  been  experienced  in  quite  a  few  plants.  Increasing  the  inter- 
cooler area  has  been  known  to  help  overcome  this,  as  also  has  been 
the  placing  of  a  steam  or  oil  trap  or  some  similar  arrangement  in  the 
gas  line,  between  low-pressure  accumulators  and  high-pressure 
cylinder  intake." 

PERFECT  COOUNa. 

Perfect  cooling  between  low  and  high  stage  compression  implies 
cooUng  the  gas  before  it  enters  the  high-pressure  cyUnder  to  the 
same  temperature  that  it  had  on  entering  the  low-stage  unit.  Such 
cooUng  is  necessary  if  the  two  st^es  are  to  use  the  same  amount  of 
power  in  compressmg  equal  quantities  of  gas  an  equal,  number 
of  compressions.     As  shown  in  Table  3,  the  temperature  of  the  gas 

«  Peake,  A.  W.,  Personal  oommunicatloxL 
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at  the  low-stage  intake  is  usually  higher  than  at  the  high-stage 
intake.  Such  a  condition  would,  if  the  number  of  compressions 
were  equal  in  each  stage,  cause  an  unbalancing  of  power  in  the  high 
and  the  low  pressure  cylinders.  In  compression  plants  with  imper- 
fect cooling  between  stages  the  work  in  the  cylinders  is  allowed  to 
take  care  of  itself  in  such  a  way  that  the  niunber  of  compressions 
in  the  two  stipes  is  not  exactly  equal.  As  stated  in  previous  para- 
graphs, it  would  be  better  practice  to  cool  the  gas  at  the  plant  intake 
to  as  low  a  temperature  as  practicable  in  water-cooled  coils  and  to 
use  the  same  temperatiu*e  between  compression  stages  and  in  the 
high-pressure  coils.  In  general,  to  keep  the  gas  at  the  lowest  prac- 
ticable temperature  at  aU  times  during  treatment  is  the  best  practice. 
From  the  high-pressure  coils  and  accumulators  the  gas  passes  to  the 
field  fuel  lines  or,  if  expanded  gas  is  used  to  reduce  the  temperature 
still  lower,  it  is  led  to.  the  high-pressure  coils  cooled  by  expanded 
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Table  4. — Ditto  on  cooling  offfoi  by  expansion  at  vcarious  pUmU. 


Dis- 
charge 
temper- 
ature of 

gas 
cooled 
in  high- 
pressure 
oqUs. 

Method  of  expanaton. 

Expansion  nnit  discharge. 

Flant 
No 

First  stage. 

Second  stage. 

Temper-, 
ature. 

Pressure. 

Temper- 
ature. 

Pressure. 

1 

^F. 

Erpansloii  valTe 

•F. 

POIMldt. 

25 
10 
10 
64 
30 
30 
30 
15 
12 
25 
14 

20 

•F. 

Pound*. 

3 

T>^^^l^n^  enrine ^ 

4 

42 
—6  to -17 

aoto-  7 

R^pMiiion  vftjvf^ , 

-40 

(a) 

6..- 

S-sUuse  exD&nsioii  exudne 

10 

7... 

do 

g 

do 

5 

10 

l^tAffe  exp^^Turion  enfriD*-  - 

15 

11 

10 

do 

-40 

12 

do 

14 

40 
50 

do 

-20 

16 

do 

17 

do 

19 

40 

do 

32 

ao 

do 

a 

do 

32 

55 

30 

KxpaDgton  v*lve. »,.--,-,_.,.-,, 

32 

05 

-80 

3-8tAfiw exTMinsioii enirtpA.  _ .  .  . 

1 

-30 
-12 

10 

33 

cu> 

60 

5 

51 

Ezpansioii  valve 

55 

....!do 

76 

38 
40 
66 
60 

l-6taKQ  exDansioii  emdne 

2? 
37 
30 

77 

..a.. do.  .................................. 

10 

78 

do 

79. 

Kxpamiloii  valv^ , 

a  Changed  to  expansion  engine. 


k  Vacuum. 


METHODS  OF  EXPANSION. 


At  many  plants  the  gas  after  treatment  in  high-pressure  water- 
cooled  coils  and  accumulator  tanks  is  finlher  cooled,  still  at  maxi- 
mum pressure,  in  heat  interchangers  or  double-pipe  condensers  by 
expanded  gas.    Two  methods  are  used  to  obtain  low  temperatures 
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by  the  expansion  of  gas,  (1)  expanding  the  gas  through  a  small 
opening  or  valve  to  a  lower  pressure,  thus  producing  the  absorption 
of  heat;  and  (2)  expanding  the  gas  adiabatically  in  the  power  cyl- 
inders of  a  steam  power  imit,  such  as  a  compressor,  pump,  or  drilling 
engine.  Table  4  gives  methods  of  expansion  used  at  plants  visited, 
also  temperatures  and  pressures  of  the  gas  at  the  different  stages  of 
expansion  and  cooUng. 

EXPANSION   THROUGH  AN   ORIFICE   OR  VALVE. 

In  the  first  method  the  high-pressure  gas  carrying  some  gasoline 
not  removed  by  previous  treatment  is  passed  through  either  the 
inside  or  outside  pipe  of  a  double-pipe  heat  interchanger ,  and  the  dry  gas 
is  expanded  through  a  small  opening,  such  as  a  ^-inch  valve,  between 
the  pipes,  thus  coohng  the  high-pressure  gas  and  causing  further 
condensation  of  gasoUne.  The  high  pressure  gas  and  the  condensate 
are  led  to  an  acciunulator  tank,  where  the  condensate  is  collected  and 
removed.  From  the  acciunulator  tank  the  gas  passes  through  the 
expansion  valve  of  the  heat  exchanger  and  the  pressure  is  lowered  to 
10  or  15  pounds,  or  the  pressure  desired  or  necessary  to  carry  the  gas 
through  the  field  hues.  The  refrigerating  effect  obtained  by  this 
method  is  siu-prisingly  small,  and  although  many  coils  using  this 
principle  for  cooUng  have  been  installed,  few  of  them  lower  the 
temperature  of  the  high-pressure  gas  enough  to  be  of  material  benefit. 
In  certain  standard  installations  one  coil  of  this  type  is  installed  with 
each  high-pressure  unit,  the  inside  pipe  of  the  coil  having  a  diameter 
of  3  or  4  inches,  and  the  outside  6  or  8  inches.  The  length  is  usually 
approximately  80  feet,  and  either  the  straight-hne  or  return-bend 
type  is  used.  After  leaving  this  coil  the  gas  is  retimied  to  the  field 
for  use  on  the  lease,  or  sold  to  commercial  gas  companies. 

COILS   USED   IN   CONJUNCTION   WFTH   EXPANSION   ENGINES. 

A  study  of  Table  5  will  give  the  reader  an  idea  of  the  great  variety 
of  types  and  sizes  of  coils  used  as  heat  exchangers  or  refrigerators  in 
conjunction  with  expansion  engines  and  valve  expanders.  The 
principle  is  the  same  in  all  types.  The  cold  expanded  gas  passes 
through  one  of  the  pipe  members  of  a  double  pipe-interchanger  while 
the  high-pressure  gas  from  the  water-cooled  coils  passes  through  the 
other  member.  At  the  end  of  the  coil  in  which  the  high-pressure  gas 
is  treated,  an  accumulator  tank  or  drip  collects  the  condensed  vapor 
as  in  the  water-cooled  coils. 

Of  the  plants  Usted  in  Table  5,  No.  6  used  the  smallest  size  of  pipe 
to  form  the  double-pipe  coil,  2-inch  pipes  inside  of  3-inch.«  The 
cooling  effect  in  this  coil  is  rapid,  but  a  small  quantity  of  moisture  in 
the  gas  will  tend  to  freeze  the  coil  and  stop  the  flow,  necessitating 

a  The  U-lnch  in  2-inch  coil  mentioned  ii^  Table  5  as  being  part  of  plant  11  has  been  abandoned  la  fiavarof 
a  larger  double  coil. 
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continual  watchfulness  and  more  or  less  thawing  to  do.  This  par- 
ticular coil  is  protected  to  some  extent  from  water  vapor  by  first 
passing  the  gas  through  two  other  double  coils,  4-inch  pipe  in  C-inch, 
which  are  cooled  by  the  expanded  gas  from  the  small  2-inch  in  3-inch 
coil.  In  the  lai^er  coils  the  gas  is  cooled  only  to  such  a  temperature 
that  the  greater  part  of  the  liquid  condensed  is  water.  The  cooling 
area  varies  between  0.15  square  foot  and  3.70  square  feet  per  1,000 
cubic  feet  of  gas  treated,  and  averages  0.563  square  foot. 


Tablb  5. — Data  on  double 

.-'pipe  cxaUot  heat  excktmgen 

medai 

\  various  plants. 

Type  of  ooU  or  exchanger. 

Num- 
ber 
of 
onils. 

Siseofpipe. 

Length 
^nsde 

Total 
length 

coU. 

Radiating  area. 

Plant 
Ko. 

Num- 
ber of 
pipes. 

Inside 
diam- 
eter. 

Outside 
diam- 
eter. 

Total. 

Per 
1,000 
cubic 

feet 

of  gas 

treated 

daUy. 

1 

Tuhnlnr. 

2 
1 
2 
2 
120 

14 
5 
2 
8 

96 
6 
2 
2 
2 
2 
4 
2 
1 
6 

20 
4 
1 
8 

12 
4 
4 
1 

50 

52 
72 
72 

InAu. 
2 
8 
8 
4 
2 

f 

J* 
? 

4 
8 

i* 

2 
2 
8 

4 
2 
4 
4 

4 
4 

4 

InAu. 

86 

16 

12 

6 

3 

12) 
12} 
24 
6 
2 
6 
6 

!• 

8 
30 
30 
30 

4 

5 

6 

10 

f 

8 
8 
6 

Feet. 
18 
80 
60 
50 
20 

100 

100 
40 

100 
20 
80 
80 
80 
90 
80 
16 
12 
12 
40 
40 

100 
40 
80 
40 
40 
40 
80 

Feet. 

80' 

120 
200 

2,400 

1,400 

500 

80 

300 

1,920 
480 
160 
160 
180 
160 
832 

1,728 
864 
240 
800 
400 
40 
240 
480 
160 
160 
80 

167 
250 
210 
1,257 
4,575 
1,050 
262 
315 
630 
502 
105 
167 
190 
130 
326 
900 
450 
126 
630 
420 
42 
189 
500 
167 
167 
84 

Sq.ft. 
0.940 

8 

Straight  line 

.372 

4 

do 

.200 

fRetum  bend 

\      .590 
.610 

6 

\ do 

7 

Special  straight  line 

9.   .  .   . 

Sinightlinel 

1.05 

10 

SpecUl 

.349 

'  P^mlght  linfl 

11 

iRetom  iKnd 

.630 

12 

1 do 

.714 

If do 

}      .272 

.750 
.173 

14 

vi^v.::::.:::::: :.:... 

16 

17 

.  Retumbend 

do 

19 

.181 

90 

Vertical  tubular 

.600 

21 

do 

.450 

30 

Return  bend 

.168 

32 

do 

.210 

33 

.233 

51 

do 

.170 

55 

do 

.150 

75 

do 

.250 

77 

do 

.420 

78 

do 

3.70 

79 

do 

.330 

Froii  the  2-inch  in  3-inch  coil  the  sizes  range  through  nearly  all 
possible  combinations  up  to  12^-inch  inside  of  24-inch.  As  the  pipe 
sizes  become  larger,  cooling  is  slower.  The  cooling  effect  in  the  last- 
mentioned  coil  is  so  sluggish  that  it  is  doubtful  whether  the  coil 
can  be  considered  efficient.  The  tubular  type  of  heat  inter- 
changers,  such  as  are  used  in  plants  19,  20,  and  21,  either  horizontal 
or  Tertical,  are  built  in  the  form  of  a  tubular  boiler,  the  cold  gas  being 
either  in  the  main  drum  shell  or  in  the  tubes.  This  type  of  inter- 
changer  has  not  been  as  satisfactory  as  some  of  the  double-pipe  coils. 

It  seems  that  the  length  of  time  and  the  necessary  intimate  contact 
between  the  gas  and  the  tube  surfaces  is  not  obtained,  and  radiation 
is  incomplete,  the  high-pressure  gas  being  dischaiged  at  too  high  and 
the  expanded  gas  at  too  low  a  temperature.  Both  the  high  pressure 
and  the  expanded  gas  is  thought  to  follow  channels  through  the  drum 
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and  tubes  and  form  eddies  or  dead  spaces,  leaving  some  parts  of  the 
tubes  and  shell  inactive.  In  this  type  of  interchanger  a  series  of 
baffles  in  both  the  tubes  and  shell  might  give  the  desired  result,  as 
has  been  done  in  refinery  practice.  This  type  of  cooler  is  used  at  a 
number  of  plants  as  a  water  condenser  and  as  a  unit  in  conjunction 
with  doublo-pipe  coils  of  smaller  size. 

The  coil  used  at  plant  7  (see  Table  5  and  fig.  7)  is  of  special 
straight-line  construction,  consisting  of  five  2i-inch  pipes  inside  of  a 
12i-inch  casing  100  feet  long.  This  type  of  interchanger  is  not 
uncommon  in  refinery  practice,  being  used  for  the  interchange  of  heat 
between  oil  coming  from  and  going  to  stills,  but  in  the  compression- 
plant  industry  its  adaptation  is  unique.  There  are  14  units  of  this 
type  in  the  entire  battery.  The  high-pressure  gas  from  the  water- 
cooled  coils  is  divided  by  a  header  and  passes  in  parallel  through  the 
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2i-inch  pipes  of  four  of  the  units,  at  the  end  of  which  it  is  collected 
by  a  header,  and  again  divided  in  the  same  way,  passing  in  parallel 
through  the  2i-inch  pipes  of  the  remaining  10  unite  of  the  battery  of 
14.  At  the  end  of  each  unit  a  drip  (see  fig.  7)  collects  the  condensate 
formed. 

From  the  discharge  header  at  the  end  of  the  group  of  10  exchangers 
the  gas  goes  directly  to  the  expansion  engine.  The  engine  exhaust, 
or  low-pressure  cold  gas,  is  returned  to  the  10  interchangers,  passing 
through  them  in  parallel  in  the  12  J-inch  shell  or  outside  pipe  counter- 
current  to  the  high-pressure  gas.  After  passing  through  the  10  units 
the  gas  is  collected  in  ofie  main  or  header  and  is  again  divided  and 
passes  in  parallel  through  the  outside  casings  of  the  other  four  units, 
again  countercurrent  to  the  high-pressure  gas. 

By  using  the  14  interchangers  in  two  sets  or  batteries  the  gas  is 
cooled  in  two  stages,  and  by  the  counterflow  system  the  coldest 
expanded  gas  is  brought  into  contact  with  the  coldest  high-pressure 
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gssj  thus  making  a  gradual  and  bomplete  interchange  of  heat.  The 
expanded  gas,  on  leaving  the  battery  of  four  coils,  has  been  raised  to 
approximatelj  the  temperature  of  the  high-pressure  gas  from  the 
water-cooled  coils,  and  the  high-pressure  gas  traversing  the  inside 
pipes  is  brought  to  the  lowest  possible  temperature  by  being  circu- 
lated in  contact  with  the  coldest  expanded  gas  after  it  has  radiated 
a  considerable  portion  of  its  heat  to  the  partly  warmed,  expanded 
gas  in  the  unit  of  four  interchangers.  Of  the  total  plant  production 
10.4  per  cent  is  credited  to  this  system  of  cooling.  These  coils  are 
not  protected  by  a  building,  but  are  set  well  above  the  ground  and 
housed  in  wooden  boxes  filled  with  sawdust,  which  covers  the  outer 
pipe  fully  12  inches  on  all  sides. 

Plates  VIII,  A,  and  IX  show  views  of  the  coils  and  expansion  sets 
taken  at  a  plant  which  the  writer  was  fortunate  enough  to  visit 
shortly  after  the  installation  of  the  expansion  engine  and  before  the 
cork  insulation  of  the  pipes  had  been  completed. 

INCREASE  IN  FBODUOTION  DUE  TO  COOLING  BY  EXPANSION. 

In  Table  6  are  recorded  the  percentages  of  total  production  and  the 
gravities,  in  ®B.,of  the  fractions  of  condensate  collected  at  the  different 
stages  in  accumulator  tanks  in  plants  using  expansion  engines  and 
keeping  records  of  such  data.  The  table  shows  that  the  percentage 
of  condensate  credited  to  expansion  imits  varies  between  10  and  50 
per  cent,  except  at  plant  76,  at  which  aU  of  the  condensate  is  collected 
in  the  accumulator  tank  after  the  cooling  by  expanded  gas  is  com- 
pleted. This  case  was  cited  before,  and  is  imdoubtedly  due  to  the 
fact  that  the  gas  is  forced  to  travel  upward  through  the  water-cooled 
coils,  whereas  the  natural  flow  of  any  condensate  formed  would  be 
downward.  Apparently  the  condensate  is  absorbed  by  the  gas  and 
precipitated  later  in  the  double-pipe  interchangers  cooled  by  expanded 
gas- 

Tablb  6. — PenenUtffea  and  gravities  of  eondenaaU  collected  in  various  accumulator  tanks 

in  plants  using  expansion  engines. 


Condensate  produced  from— 

FlmtNo. 

Low-preesure  ooil. 

Hlgb-pressure  coil. 

Expaiwkm  ooil. 

Percent. 

Gravity, 
•B. 

Per  oent. 

Gravity, 
•B. 

Per  oent. 

Gravity, 
•B. 

s    

88 
15 
17.6 
24.0 

ae 

60 

60 

82.7 

65 

42 

79 

7 

25 

049.7 

10.4 

22 

95 

4           

6 

63.8 

60 

60 

67 

57 

78 
65 
80 
84 
71 

96 

7               

9           

90 

11                 

93 

17 

80 

50 

20 
10-15 

25 
a  100 

80 

32           

96 

23 

40 

70 

35 

80 

100 

79 

76-82 

a  No  condensate  In  wster-oooled  colls. 
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FIELDS   IN   WHICH   EXPANSION   UNITS   ARE   USED. 

In  the  eastern  fields,  where  much  of  the  gas  treated  contains  little 
or  no  fixed  or  true  gases,  being  almost  entirely  composed  of  vapors 
of  the  higher  hydrocarbons,  the  use  of  extremely  low  temperatures  is 
of  little  or  no  benefit,  and  expansion  engines  and  coils  have  not,  in 
any  plant  known  to  the  writer,  been  installed. 

Mid-Continent  practice,  taken  as  a  whole,  does  not  include  expan- 
sion engines  as  a  part  of  the  usual  installation;  expansion  sets  are, 
however,  being  adopted  by  some  operators  building  new  plants  at 
the  present  time  as  a  part  of  the  original  plant  design.  Two  plants 
(Nos.  32  and  33)  visited  by  the  writer  in  Oklahoma  had  expansion 
engines  and  coils  in  service,  both  being  in  the  Glenn  pool.  The 
operators  of  these  plants  stated  that  of  the  total  production  10  to  25 
per  cent  was  directly  due  to  cooling  by  gas  expanded  in  engine 
cylinders,  as  shown  in  Table  6.  The  cooling  area  of  the  double-pipe 
heat  interchangers  used  in  the  two  plants  averages  0.22  square  foot 
per  1,000  cubic  feet  of  gas  treated,  which  is  less  than  one-half  the 
average  area  used  in  California  practice. 

In  the  Caddo,  Louisiana,  field  one  company  operating  three  com- 
pression plants  uses  expansion  imits  and  coils  in  each  plant. 

BZPANSION  SNGDfBS  m  CALIFORNIA  FIELDS. 

The  widest  range  of  development  in  the  installation  of  heat  inter- 
changers and  the  use  of  expansion  engines  is  in  California  practice. 
At  plants  3,  4,  6,  7,  9,  11,  and  17  in  the  various  California  fields,  7  to 
50  per  cent  of  the  total  production  is  from  expansion  imits,  as  shown 
in  Table  6.  It  is  generally  figured  in  these  fields  that  26  per  cent  of 
the  production  is  due  to  the  expansion  treatment.  A  plant  in  the 
Fullerton  field  treating  2,500,000  cubic  feet  of  gas  daily  produced 
3,000  to  3,200  gallons  of  condensate  with  a  gravity  of  72°  B.  before 
the  expansion  unit  was  put  into  operation.  The  expansion  unit 
increased  the  daily  production  to  between  4,000  and  4,300  gallons 
of  condensate  with  a  gravity  of  80°  to  84°  B.,  or  about  25  per  cent  of 
the  total  yield.  The  radiating  areas  in  the  heat  exchangers  used  in 
California  plants  (see  Table  6,  plants  1  to  21)  vary  from  0.20  to  1.05 
square  feet  per  1,000  cubic  feet  of  gas  treated  daily.  A  radiating 
area  large  enough  to  warm  the  cold  or  expanded  gas  to  the  tempera- 
ture, as  nearly  as  practicable,  of  the  high-pressure  gas  from  the 
water-cooled  coils  is  all  that  is  necessary,  because  any  further 
increase  in  cooling  surface,  the  two  gases  being  brought  to  approxi- 
mately the  same  temperature,  has  no  effect.  The  proper  area  for 
each  1,000  cubic  feet  of  gas  to  be  treated  daily  is  a  factor  that  can 
be  obtained  only  by  experiment  at  each  plant,  imless  the  designer 
has  had  experience  in  the  particular  field  and  with  the  particular  gas 
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to  be  treated,  or  has  data  on  the  area  used  and  the  efficiency  obtained 
at  another  plant  aheady  at  work  in  the  same  field  and  treating  the 
same  gas. 

TEMPERATURES  OBTAINED  FROM  OAS  EXPANSION. 

The  temperatures  produced  by  heat  exchange  on  high-pressure  gas 
vary  in  practice  from  —  1 7®  to  4- 66®  F.,  or  between  75®  below  and  20®  F. 
below  atmospheric  temperature,  as  shown  in  Table  4  (p.  4 1 ) .  The  best 
temperature  to  use  in  a  given  plant  depends,  as  does  the  ultimate  high 
pressure  used,  on  the  characteristics  of  the  gas  and  the  product  desired, 
also  on  the  efficiency  of  extraction  and  temperature  previously  obtained 
in  the  water-cooled  coils.  As  the  condensation  of  vapors  depends  on 
both  temperature  and  pressure,  in  accordance  with  the  physical  laws 
of  gases,  at  a  given  pressure  there  is  some  critical  temperature  below 
which  it  is  useless  to  cool  the  gas,  as  Burrell  ^  has  demonstrated  in 
the  laboratory  method  of  determining  [the  quantity  of  condensable 
vapors  in  any  given  gas.  The  method  of  laboratory  test  uses  only 
atmospheric  (14.4  pounds  at  an  elevation  of  600  feet)  pressure,  and 
the  extremely  low  temperature  of  115®  C.  below  zero,  which  is*  equal 
to  176®  F.  below  zero. 

At  this  temperature  all  of  the  propane  and  the  butane  are  liquefied, 
which  in  compression  practice  is  neither  practicable  nor  desirable, 
because  these  two  hydrocarbons  are  so  volatile  at  atmospheric 
temperatures  and  pressures  as  cause  them  to  weather  out  of  plant 
products  to  a  large  extent,  if  not  entirely.  As  a  portion  of  each 
condensable  hydrocarbon  is  precipitated  and  taken  out  of  the  gas, 
the  pressure  necessary  to  condense  the  remaining  portion  at  a  con- 
stant temperature  rises,  in  accordance  with  the  law  of  partial  pres- 
sures. Or,  with  the  pressure  remaining  constant,  the  temperature 
must  be  reduced  to  precipitate  the  remaining  portion  of  that  par- 
ticular vapor  fraction.  Conversely,  if  at  a  given  pressure  any  conden- 
sable constituent  would  be  entirely  precipitated  when  the  gas  reached 
the  critical  temperature  of  that  fraction,  the  composition  of  the  gas 
would  be  simplified  and  the  precipitation  of  the  other  condensable 
fractions  more  complete  at  the  same  pressure.  This  has  been 
demonstrated  in  practice  in  a  plant  using  a  maximum  pressure  of 
250  pounds,  and  a  temperature  as  low  as  10®  F.  below  zero  at  the  dis- 
charge of  the  high-pressure  coil,  which  was  cooled  by  expanded  gas. 
(See  PL  IX,  A.)  The  condensate  collected  in  the  tank  at  the  end  of  the 
coil  contained  more  than  1  per  cent  of  water;  a  small  percentage  of 
water  was  also  found  with  the  Ughtest  condensate  precipitated  at  the 
exhaust  of  the  second  sti^e  of  the  expansion  engine.  (See  PL  VIII,  B.) 
If  water  vapor  is  retained  through  all  of  the  steps  of  compression  and 

a  Bmreil,  O.  A.,  and  Jodm,  O.  W.,  HBlliods  of  tMOag  natural  gas  for  gaaoUne  oontait:  Tech.  Paper,  87, 
Boreaa  of  ICioes,  1916,  p.  20. 
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cooling,  as  demonstrated  in  the  plant  just  cited,  it  is  probable  that 
portions  of  all  the  hydrocarbon  fractions  are  also.  The  points  to  be 
determined  in  any  plant  are  the  quantity  of  such  vapors  being  lost 
and  the  temperature  necessary  to  condense  them  as  well  as  the  value 
of  the  product  and  the  cost  of  an  installation  to  obtain  the  required 
results. 

The  value  of  the  condensate  obtained  will  depend  on  the  quantity 
that  can  be  marketed,  and  if  excessive  pressures  are  uised,  the  product 
may  be  so  light  and  volatile  as  to  be  of  Uttle  value.  A  proper  re- 
lation between  pressure  and  temperature  will  in  all  instances  3deld 
the  maximum  marketable  condensate  from  any  given  gas,  and  this 
relation  can  be  found  only  by  trials  and  tests  made  at  each  plant. 
In  the  plant  cited  above,  th^roduct  obtained  in  the  accumulator  at 
the  expansion  engine  exhaust  had  a  gravity  of  105^  B.,  and  probably 
consisted  principally  of  butane,  with  small  proportions  of  the  other 
higher  hydrocarbons  and  of  water.  The  gas  in  this  accumulator  had 
a  temperature  of  40^  F.  below  zero  and  a  pressure  of  10  pounds,  as 
the  result  of  the  two  stages  of  expansion.  It  was  foimd  that  in  the 
expansion  cylinder  of  the  engine,  the  gas  had  reached  a  temperature 
lower  than  100^  F.  below  zero  before  being  exhausted.  The  quick 
rise  in  the  temperature  of  the  gas  between  the  cylinder  and  the 
tank,  which  was  connected  to  the  exhaust  by  a  short  insulated  pipe, 
is  probably  due  to  two  factors,  radiation  from  the  cylinder  walls  and 
the  latent  heat  of  vapors  given  out  on  condensation. 

In  a  plant  in  Oklahoma,  in  experimenting  with  expansion  units, 
it  was  f oimd  that  the  desired  low  temperatures  could  not  be  obtained. 
So  little  vapor  was  precipitated  in  the  coils  ahead  of  the  expansion  unit 
that  in  expanding  the  gas  the  latent  heat  given  up  by  the  condensing 
vapors  immediately  reheated  the  expanding  gas  to  20^  F.  The 
remedy  for  a  condition  of  this  kind  would  necessarily  have  to  be  found 
either  in  the  preasure  or  water  cooling  to  which  the  gas  was  being 
subjected. 

TEMPEBATUBE    AND   PBBSSUBE    CHANGES    IN   A    COMFBESSION   PLANT. 

Figure  8  shows  diagramatically  the  changes  in  both  pressure  and 
temperature  to  which  gas  is  subjected  in  average  compression-plant 
practice.  The  vertical  coordinates  show  temperatures  in  degrees 
Fahrenheit  for  the  sohd  Une  or  temperature  curve,  and  pressures  in 
pounds  per  square  inch  for  the  dotted  or  pressure  curve.  The  hori- 
zontal coordinates  represent  the  different  stages  of  treatment  at  which 
the  changes  of  pressure  and  temperature  occur. 

FLOW  SHEET  OF  A  COMPEESSIOK  PLANT. 

Figure  9  shows  the  gas  flow  diagram  of  a  2-stage  compression  plant 
using  single-stage  expansion,  connected  with  two  sets  of  expanded- 
gas  cooled  coils  in  series.    The  gas  intakes  and  discharges  of  the  com- 
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pressors  and  the  water-cooled  coils  are  shown  connected  in  manifold, 
this  system  of  connections  being  the  most  flexible.  With  valves 
properly  placed,  any  unit,  part  of  a  unit,  or  coil  may  be  cut  out  for 
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inspection  or  repairs  without  shutting  down  any  other  part  or  stop- 
ping plant  operations,  the  work  of  the  inactive  unit  being  taken  up 
by  a  small  overload  on  the  other  imits. 
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A  single-fitage  expansion  engine  is  shown  connected  with  two 
double-pipe  coils  in  series;  if  two  stages  of  expansion  were  being 
used  each  of  the  double-pipe  coils  would  use  the  gas  expanded  in  one 
stage  and  be  so  connected  that  the  gas  from  coil  No.  1,  using  first- 
stage  expanded  gas^  would  return  to  the  second-«tage  expansion 
cylinder,  from  which  it  woidd  be  returned  to  coil  No.  2  to  further 
cool  the  high-pressure  gas. 

Plates  X  and  XI  show  plans  and  elevations  of  a  typical  direct- 
connected  compressor  plant.  The  low-pressure  and  the  high-pres- 
sure cyUnders  are  operated  independently  by  separate  gas  engines. 

USE  OF  POWER  DEVELOPED  B7  QAS  EXPANSION. 

At  all  plants  where  expansion  xmits  are  used,  the  development  of 
power  by  the  expansion  of  the  gas  has  been  a  secondary  consideration. 
In  a  number  of  plants  power  is  developed  only  to  give  resistance  to 
the  expanding  gas,  as  in  a  plant  using  a  pump  imder  a  back  pressure 
of  150  pounds,  and  in  another  plant  compressing  air  to  40-pound 
pressure,  only  to  release  it  to  the  atmosphere  through  a  small  valve 
set  to  hold  the  required  back  pressure  on  the  natural  gas. 

In  plant  17  the  compressor  end  of  the  expansion  unit  holds  a 
vacuum  on  the  double-pipe  coil  and  on  the  exhaust  of  the  power 
cylinder,  and  delivers  the  gas  at  a  pressure  sufficient  to  return  it  to 
the  lease.  (See  PI.  XII,  A.)  This  use  of  the  power  developed  is  not 
uncommon,  although  usually  the  compressor  suction  is  above  atmos- 
ph^o  pressure.  At  plant  76  the  power  developed  from  expanding 
the  gas  in  two  single-stage  cylinders  working  in  duplex  is  used  to 
compress  air  in  two  stages  to  a  pressure  of  8^  pounds,  to  be  used  in 
air  lifts  in  pumping  oil  weUs.  Other  plants  use  the  power  generated 
by  single-stage  expansion  units,  as  in  the  tandem  compressor,  or  by 
two-stage  expansion  units,  as  in  the  cross-compound  machines,  to 
drive  one  of  the  two-stage  compressor  units  connected  in  parallel 
with  the  other  compression  cylinders,  both  at  the  intake  and  the 
discharge.  A  compressor  used  in  this  way  may,  as  at  plants  6  and 
14,  take  gas  from  and  deUver  it  to  the  manifolds  used  tor  the  intake 
and  discharge  of  the  other  compression  units. 

EFFICIENCY   OF  EXPANSION   UNFrS. 

The  amount  of  power  developed  in  an  expansion  engine  as 
compared  with  the  amount  used  in  compression  is  very  low, 
probably  not  more  than  5  or  10  per  cent  in  average  plants.  This 
condition  b  to  be  expected  because  of  the  energy  loss  through 
dissipation  of  heat,  the  consumption  of  power  in  operating  the 
piston  and  valve  in  the  expansion  cylinder,  and  the  reduction  in 
pressure  through  losses  of  gas  and  vapor  by  condensation  and 
leakage  during  transmission  through  pipes  and  cooling  systems. 
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An  exceptional  instance  of  power  developed  in  an  expansion  unit 
was  noted  at  a  California  plant.  Tests  showed  that  between  25  and 
35  per  cent  of  the  power  used  to  compress  the  gas  was  developed  by 
the  expansion  engine,  which  used  in  its  power  cylinders  all  of  the 
gas  compressed  in  two  stages  of  expansion,  with  heating  between 
the  two  expansion  cylinders.  The  plant  compressed  1,900  cubic  feel 
of  gas  per  minute,  of  which  690  cubic  feet  was  compressed  in  the 
compressor  end  of  the  expansion  engine. 

The  gas  entering  the  high-pressure  cylinder  of  the  expansion 
engine  at  a  pressure  of  250  pounds  had  a  temperature  of  5^  F.  bdow 
zero;  the  discharge  pressure  was  50  pounds.  The  gas  was  then 
passed  through  double-pipe  coils  and  heated  to  50^  F.  before  it 
entered  the  low-pressure  power  cylinder.  From  this  cylinder  it  was 
exhausted  at  a  presstu^  of  10  pounds  and  a  temperature  of  40^  F. 
below  zero.  The  gas  from  the  second  expansion  exhaust  was  used 
for  cooling  the  high-pressure  gas,  and  was  then  dischaiged  from  the 
plant  at  57^  F.  A  measurement  of  the  temperature  in  the  low- 
pressure  expansion  cylinder  indicated  a  temperature  of  140^  F. 
below  zero. 

If  a  more  efficient  rettun  of  power  were  made  an  object,  more 
power  could  be  developed  by  heating  the  high-pressure  gas,  after  it 
leaves  the  double-pipe  interchanger,  in  an  interchanger  with  the 
hot  gas  from  the  high  and  the  low  pressure  compression  cylinders. 
If  desirable  the  gas  could  be  further  heated  in  a  double-pipe  inter- 
changer by  the  exhaust  from  the  power  cyUnder  of  the  gas  engine,  or 
in  a  tubular  interchanger  such  as  is  used  for  preheating  boiler  water 
with  exhaust  gases. 

Heating  the  compressed  gas  before  it  enters  the  valve  chest  of  the 
expansion  cylinder  would  also  tend  to  reduce  freezing  at  that  point, 
thus  reducing  the  power  used  in  moving  the  valve  mechanism. 

To  obtain  as  low  temperatures  of  the  expanded  gas,  with  preheat- 
ing as  without  preheating,  more  power  would  have  to  be  developed 
and  used  by  the  expansion  unit.  This  could  be  accomplished  by 
added  expansion  units,  by  increasing  the  load,  or  by  running  the 
compressor  faster  at  the  same  pressure,  thus  increasing  the  total 
volume  of  gas  compressed  in  a  given  unit  of  time. 

EXPANSION   FOB  FOWBB  ALONE. 

In  expanding  compressed  gas  for  power  purposes  only,  and  not 
for  refrigeration,  as  is  contemplated  in  an  eastern  plant,  preheating 
the  gases  by  either  the  hot  compressed  gas  or  the  engine  exhaust 
would  be  necessary  in  order  to  make  the  installation  a  conunerdal 
success.  Using  a  relatively  small  quantity  of  gas  at  a  low  tempera- 
ture (60®  F.)  would  hardly  pay  in  power  delivered,  as  compared  with 
a  gas  engine  using  gas  worth  16  cents  or  less  per  1,000  cubic  feet 
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With  the  passage  of  the  gas  through  the  coils  of  the  expansion 
unit,  the  treatment  for  recovery  of  gasoUne  is  finished. 

Gas  used  for  power  to  run  the  compression  plant,  either  in  gas 
engines  or  under  boilers,  is  imiversally  taken  from  the  treated  gas, 
the  rest  being  returned  to  the  lease  or  pumped  into  the  lines  of 
a  commercial  gas  company.  The  lease  or  contract  usuaUy  stipu- 
lates that  gas  used  for  power  in  the  compression  plant  is  to  be  taken 
from  the  treated  gas  at  no  cost  to  the  lessee. 

OAS   USED   PEB  HORSEPOWEB   IN   COMPBESSION   UNITS. 

The  quantity  of  gas  necessary  to  operate  a  gas  engine  will  vary 
from  9  to  18  cubic  feet  per  horsepower-hour,  depending  on  the  size, 
type,  and  age  of  the  engine  and  the  care  given  it.  Boilers  in  a  steam 
plant  require  40  to  120  feet  per  horsepower  hour.  A  plant  having 
six  80-horsepower,  direct-^^nnected,  horizontal,  2-cycle  gas  engines 
used  between  12  and  14  feet.  The  engines  had  been  in  service  two 
years  and  had  been  well  cared  for.  The  large  450  to  1,100  horse- 
power, horizontal,  direct-connected,  tandem,  double-acting,  4-cycle 
imits  will  use  as  little  as  9  feet  and  the  150  to  200  horsepower, 
vertical,  4-cylinder,  4-cycle,  belted  xmits  will  use  10  to  14  feet  per 
horsepower  hour. 

Oliphant  ^  gives  the  following  table  showing  the  average  amount 
of  natural  gas  required  to  operate  gas  engines  or  to  supply  a  steam- 
engine  plant  using  natural  gas  as  fuel  imder  the  boilers  in  cubic  feet 
per  indicated  horsepower  hour: 

Cubic  feet  of  natural  ga»  required  per  hortepower-^iour  to  drive  a  gas  engine  or  steam  plant. 

Cn.tU 

Laige  gas  eDgine,  highest  ty])e 9 

Ordinary  gas  engine 13 

Triple-expansion  condensing  steam  engine 16 

Double-expansion  condensing  steam  engine 20 

Single-cyUnder  steam  engine  with  cut-off 40 

Ordinary  high-preesure  steam  engine  without  cut-off 80 

Ordinary  oil-well  pumping  steam  engine 130 

Ftom  10  to  12  cubic  feet  of  air  is  necessary  for  the  complete  combustion  of  1  cubic 
foot  of  natural  gas. 

PEBCENTAOB  OF  OAS   BBTUBNED   AFTEB   CONDENSATE   AND   OAS   USED 

FOB  POWEB   IS   DEDUCTED. 

The  reduction  in  the  volume  of  the  gas  from  treatment  by  the 
compression  process  is  unaccoimtably  large.  As  has  been  stated,  in 
heating  gas  from  old  wells  that  have  been  gas-pmnped  for  years 
and  are  held  at  high  vacuums,  practicaUy  all  of  the  gas  disappears 
in  one  stage  or  another  of  the  treatment,  often  not  enough  being 
left  to  run  the  engines. 

•  Ol^hant,  F.  H.,  Catalogue  of  metrio  metal  works,  1914,  p.  42. 
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Gas  produced  under  natural  pressure  in  the  newer  fields  contained  a 
much  higher  percentage  of  fixed  gases,  hence  the  quantity  of  residual 
gas,  after  condensate  and  gas  used  for  power  have  been  deducted, 
reaches  70,  or,  in  some  plants,  it  is  claimed,  80  per  cent  of  the  total 
wet  gas  entering  the  plant.  Exact  figures  on  the  quantities  of 
residual  gas  are  seldom  kept  in  compression  plants,  it  being  a  matter 
of  little  importance  in  most  fields.  It  appears,  however,  from  the 
figures  that  the  writer  was  able  to  obtain  that  in  plants  treating  gas 
yielding  IJ  to  2  gallons  of  condensate  per  1,000  cubic  feet  the  net 
amoimt  of  gas  left  after  treatment  and  deducting  gas  used  as  fuel, 
would  average  approximately  66  per  cent  of  the  total  amount  enter- 
ing the  plant.  As  the  gas  being  treated  increased  in  gasoline  content 
the  quantity  of  residual  gas  became  less  and  less  imtil  it  was  not 
sufficient  to  furnish  power  for  compression. 

GAS  USED  FOB   POWEB  AND  TO   FOBM   CONDENSATE. 

Between  10  and  15  per  cent  of  the  total  quantity  of  gas  treated 
is  required  for  power  purposes,  depending  on  the  type  and  the 
efficiency  of  the  engines  driving  the  compressors.  Bxurell*  states 
that  it  takes,  on  an  average,  35  cubic  feet  of  vapor  to  produce  1 
gallon  of  condensate,  or  3.5  per  cent  for  each  gallon  produced  from 
1,000  cubic  feet  of  gas,  or  if  3  gallons  of  imweathered  product  is 
made  it  will  account  for  10.5  per  cent  of  the  total  gas  entering  the 
plant.  The  condensation  of  water  vapor  during  the  treatment  will 
also  account  for  a  certain  percentage  of  the  total  volume.  The  gas 
and  vapor  unaccoimted  for  in  the  ways  noted  must  be  lost  by  leakage 
in  pipes  and  machines  during  the  various  stages  of  plant  operation, 
and  by  weathering  of  light  fractions. 

FOBEIOlf  COlfSTITTTElfTS  IS  If ATTTEAL  GAS. 


Besides  water  vapor,  a  number  of  gases  not  of  the  hydrocarbon 
groups  are  often  found  in  natural  gas.  Air,  if  present,  may  be  a 
constituent  of  gas  from  wells  imder  high  vacuimis,  but  is  usually 
due  to  inward  leakage,  either  in  the  well  casing  or  in  lines  trans- 
mitting the  gas  to  the  plant!  At  a  plant  visited  in  the  Shallow  pool 
of  Oklahoma,  the  writer  was  informed  that  the  gas  being  treated 
contained  30  per  cent  air.  The  area  from  which  the  gas  was  being 
drawn  covered  12  square  miles,  making  the  use  of  long  gathering 
lines  and  many  vacuum  pumps  necessary,  which  probably  accounts 
for  the  extremely  high  air  content. 

o  Burroll,  O.  A.,  Seibert,  F.  M.,  and  Oberfell,  O.  G.,  The  condensation  of  msollnefrom  natural  gas: 
BuU.  88,  Bureau  of  Mines,  1915,  p.  60. 
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WATKB  VAPOB. 

Air  always  carries  more  or  less  water  vapor  with  it,  and  this  fact 
may  account  for  part  of  the  water  precipitated  with  condensate. 
As  most  oils  carry  some  water  with  them  from  the  oil-bearing  forma- 
tions, it  is  natural  to  believe  that  some  water  vapor  from  this  source 
would  be  carried  into  the  gas,  especially  when  the  wells  are  being 
gas-pumped  and  low  pressures  maintained.  The  temperature  of  the 
oil  and  water  under  ground  would  also  tend  to  allow  water  vapor  to 
form  and  be  held  in  the  gas.  In  one  instance,  the  oil  coming  from 
a  certain  well  also  producing  gas  had  a  temperature  of  150^  F.  in 
the  flow  lines. 

A  California  plant  treating  2,500,000  cubic  feet  of  gas  daily  pro- 
duced water  with  the  condensate  at  various  points  as  follows: 

GaUoTia  of  water  drained  from  variout  points  at  California  plant  in  24  hours. 

Oallons. 

Ytom.  low-preasure  accumulator 200 

From  high-presBure  accumulator 50 

From  final  double-pipe  coil 25 

From  storage  tank 65 

Total 340 

This  quantity  of  water  was  equal  to  between  5  and  6  per  cent  of 
the  condensate  produced. 

CABBON  DIOXIDE. 

The  proportion  of  carbon  dioxide  in  natural  gas  used  in  compres- 
sion plants  varies  widely.  As  much  as  30  per  cent  has  been  found 
in  both  the  Mid-Continent  and  California  fields.  So  large  a  proportion 
is  unusual,  but  percentages  up  to  10  are  not  uncommon  in  California 
fields,  and  in  some  districts  in  Oklahoma. 

Nitrogen  is  foimd  in  the  natural  gas  in  some  districts,  as  noted  by 
Burrell,*  but  was  not  found  in  gas  fields  visited  and  sampled  by  the 
writer,  except  as  introduced  into  the  gas  with  air. 

SULPHUB  COMPOT7ND8. 

Hydrogen  sulphide  or  other  gaseous  sulphur  compound^,  usually 
called  '' sulphur  gas/'  is  found  in  many  of  the  fields  producing  casing- 
head  gas.  However,  only  the  gas  from  small  areas  of  these  fields 
contains  sulphur  in  such  quantities  as  to  be  a  decidedly  detrimental 
factor  in  treatment  of  gas  for  its  gasoline  content. 

Plants  in  the  southern  Illinois  field  are  troubled  by  sulphur  com- 
poimds  more  generally  than  those  in  any  other  district  as  a  whole. 
A  plant  in  the  Santa  Maria  and  one  in  the  Salt  Lake  field  in  California 
report  sulphur  trouble,  but  such  contamination  is  local  and  is  not 
characteristic  of  those  fields  as  a  whole. 

a  Bornll,  G.  A.,  Selbert,  F.  M.,  and  OberfeU,  O.  Q.,  The  oondwiiaaUon  of  ^lasoline  from  natural  ^; 
Boll.  88,  Buwa  of  KJnM,  1910,  ^.  21-3^ 
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QENEBAL  EFFECTS  ON  COMPBE8SION  TBEATMENT. 

The  gases  named;  with  the  exception  of  hydrogen  sulphide,  are 
inert  chemically  through  all  the  stages  of  the  compression  process. 
Physically  they  affect  plant  practice  in  two  ways.  They  cut  down 
the  volume  of  productive  gas  treated  or  absorb  power  for  which  no 
return  is  possible;  they  complicate  the  problem  of  partial  pressures 
by  requiring  higher  pressures  for  the  gas  as  a  whole  in  order  to  bring 
any  one  of  the  condensable  fractions  to  its  critical  pressure,  thus 
again  necessitating  more  power. 

EFFECTS  OF   SUIPHUB   AND   METHODS  OF  BEMOVAL. 

In  the  Lawrenceville  district  of  southern  Illinois  the  proportion  of 
sulphur  in  the  natural  gas  is  so  large  as  to  be  a  decided  detriment  to 
treatment  by  compression.  Beside  destroying  the  pipes  in  cooling 
coils,  so  much  of  the  hydrogen  sulphide  is  dissolved  in  the  conden- 
sate, either  as  a  gas  or  as  a  liquid,  that  resort  is  had  to  steam  distilling 
in  order  to  free  the  condensate  from  this  objectionable  content. 
The  odor  of  even  small  proportions  is  noticeable,  making  the  product 
unsalable,  and  such  gasoline,  if  used  in  motors,  will  attack  the 
pistons  and  cyhnders,  causing  pitting  and  roughness.  By  use  of 
the  steam  stills  in  that  district  between  one-third  and  one-half  of 
the  total  plant  product  is  lost  as  noncondensable  vapor  passing 
through  the  cooling  coils  after  the  stills. 

The  two  California  plants,  mentioned  previously,  report  no  trouble 
with  sulphur  in  the  condensate,  but  do  have  trouble  from  the  sulphur 
gas  attacking  and  eating  out  cooling  coils.  At  the  plant  in  the  Salt 
Lake  field  2-inch  steel  pipes  will  often  be  eaten  through,  particularly 
at  a  low  point  in  the  coil,  in  3  or  4  months.  The  plant  in  the  Santa 
Maria  field  found  that  2-inch  steel  pipe,  costing  12  cents  per  foot 
(May,  1916),  in  the  cooling  towers  lasted  6  months,  and  that  wrought- 
iron  pipes,  costing  19  cents  per  foot  at  that  time,  lasted  13  months 
or  more. 

No  compressor  or  engine  trouble  traceable  to  hydrogen  sulphide 
gas  was  reported  at  any  of  the  above  plants,  possibly  because  of  the 
film  of  lubricating  oil  constantly  protecting  the  pistons  and  cylinders. 

The  elimination  of  sulphur  gas  has  long  been  a  part  of  the  treat- 
ment for  purifying  manidfactured  or  artificial  gas.  The  artificial  gas 
made  from  coal  or  oil  is  passed  through  a  scrubber  containing  iron 
oxide  (common  hematite  iron  ore).  A  chemical  reaction  takes  place, 
the  sulphur  uniting  with  the  iron  to  foim  iron  sulphide,  which  is  a 
sohd  at  normal  temperatures,  thus  removing  the  sulphur  from  the 
gas.  When  the  iron  becomes  slow  in  its  action,  or  so  largely  con- 
verted to  the  sulphide  as  to  be  inefficient  in  removing  the  sulphur, 
it  is  discharged  and  a  fresh  charge  placed  in  the  scrubber.  The 
scrubbers  are  generally  operated  in  pairs  to  allow  one  to  be  cut  out 
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during  periods  of  cleaning  and  charging.  The  discharged  iron  ore 
is  thrown  out  on  the  ground,  where  it  is  oxidized  by  the  action  of 
the  sun  and  the  atmosphere,  and  again  used  as  a  fresh  charge  for 
the  scrubbers. 

The  sulphur  compounds  originating  in  gas  act  chemically  as  an 
acid  in  much  the  same  way  as  the  acid  fumes  that  are  carried  in  still 
vapors  in  oil  refining. 

An  eastern  refinery  which  compresses  the  imcondensed  still  vapors 
and  gases  to  fmiher  remove  condensable  fractions  uses  a  series  of 
water  and  caustic  washes  in  scrubbing  tanks  to  remove  acid  impuri- 
ties, as  described  on  page  68. 

To  overcome  the  action  of  sulphur  gas  which  was  eating  out  the 
high-pressing  coils  of  a  compression  plant,  Mr.  D.  L.  Newton,  general 
superintendent  of  the  Hurley  Smith  Gasoline  Co.,  of  Los  Angeles, 
Cal.,  designed  and  successfully  operated  a  scrubber  and  cooler  com- 
bined which  removed  the  objectionable  gases  and  also  took  the 
place  of  the  high-pressiu^e  water-cooled  coils. 

Figure  10  shows  the  general  design  and  method  of  operation  of  the 
scrubber.  After  this  treatment  the  gas  was  refrigerated  in  double- 
pipe  coils  of  usual  construction  without  causing  their  destruction  or 
forming  incrustations  of  sulphiu*  compounds. 

The  following  data,  regarding  the  operation  of  the  scrubber,  was 
also  kindly  furnished  by  Mr.  Newton : 

Data  on  scrubber  for  removing  sulphur. 

Capacity,  300,000  cubic  feet  per  day  at  a  pressure  of  250  poimdB. 
Temperature  of  gas  entering  scrubber,  190^  F. 
Temperature  of  gas  leaving  scrubber,  78^  F. 
Temperature  of  water  entering  scrubber,  72**  F. 
Temperature  of  water  leaving  scrubber,  78®  F. 
Volume  of  water  used  per  24  hours,  15,000  gallons. 

The  water  used  in  the  scrubber,  after  being  automatically  trapped 

from  the  separator,  was  retimied  to  the  top  of  the  cooling  tower 

for  cooling  in  the  usual  way.    Owing  to  aeration  and  the  lowered 

pressure,  the  greater  part  of  the  sulphur  gas  passed  oflF  into  the  air, 

the  cooled  water  being  returned  to  the  scrubber  by  a  pump  at  a 

pressure  slightly  higher  than  that  at  which  the  gas  entered  the 

scrubber. 

COlfDEirSATE. 

LINE  B&IP. 

The  first  condensate  produced  in  treating  gas  by  compression  is 
the  small  quantity  of  rather  heavy  and  often  discolored  naphtha 
accumulating  in  the  pipe-l'me  drips.  After  this  condensate  has 
been  collected  and  cleaned  by  filtering  or  distilling  it  is  mixed  with 
the  balance  of  the  plant  product,  giving  the  mixture  a  lower  gravity 
and  vapor  tension  and  helping  to  stabilize  the  "wild"  condensate 
from  other  parts  of  the  plant. 

7338*»— 18— Bull.  151 5 
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The  second  condensate  is  that  collected  in  the  low-pressure  accu- 
mulator tanks;  its  proportion  to  the  whole  product  varies  between 
nothing  and  50  per  cent,  and  in  average  plant  practice  between  10 
and  30  per  cent.  The  gravity  varies  around  60**  B.  and  the  vapor 
tension  between  1  and  3  pounds.  Such  condensate  makes  an  ideal 
motor  fuel  just  as  it  comes  from  the  coils,  but  is  usually  mixed 
before  leaving  the  plant  with  the  other  products  either  in  "make 
tanks"  or  in  storage  tanks,  having  the  same  tendency  as  the  line 
drip  to  improve  the  product  as  a  whole. 

The  following  distillation  represents  approximately  an  average 
first-stage  condensate  as  produced  in  California  practice: 

lUnUts  o/fraetUmal  cHsHUation  of  first-ctympression  naphtha  {condensate), 

[Analyst,  Paul  W.  Prutzman.) 
Still  charged  with  500  c.  c,  at  62*»  B.;  started  over  at  106**  F. 


Cat  No. 

Amount 
of  cat. 

Final 
temper- 
ature. 

Gravity 
of  cut. 

Per  cent. 

1 

c.  c. 
50 
60 
fiO 
50 
50 
50 
50 
50 
50 
16 

•F. 
174 
192 
206 
21S 
228 
241 
254 
272 
312 
352 

76.8 
71.8 
66.5 
63.1 
60.8 
58.4 
66.5 
64.6 
51.4 

10 
10 
10 
10 
10 
10 
10 
10 
10 

2 

3 

4 

5 

6 

7 

8 

0 

Total  amount  distilled  oil  and  collected,  466  c.  c;  flnal  temperature,  352**  F.   Loss,  8  per  cent. 

Eastern  or  Mid-Continent  products  with  these  end  points  would 
have  a  specific  gravity  between  5**  and  9°  B.  higher,  but  the  sample 
distilled  is  fairly  representative  of  the  first-stage  product  of  two-stage 
plants. 

CONDENSATE  FROM  HiaH-PBESSTJBE  COILS. 

Next  in  the  series  of  condensates  collected  is  that  obtained  from 
the  gas  under  the  maximum  pressure  used  in  any  given  plant  and 
at  temperatures  developed  by  water  cooling. 

In  average  plant  practice  the  condensate  precipitated  and  col- 
lected at  this  point  represents  the  principal  bulk  of  the  total  re- 
covery, seldom  being  less  than  30  per  cent  of  the  total  product  even 
in  plants  using  expansion  units,  and  at  times  reaching  100  per  cent, 
as  in  all  single-stage  practice  and  in  some  two-stage  installations. 
At  plant  22,  which  compressed  the  gas  to  300  pounds  in  two  stages 
and  cooled  it  to  60°  F.  in  the  high-pressure  coils,  all  the  condensate 
was  produced  at  this  point,  the  product  having  a  gravity  of  96*^  B, 
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The  specific  gravity  of  the  high-stage  condensate  is  between  66** 
B.  and  100°  B.,  averaging  in  eastern  fields  approximately  85**  B.,  in 
Oklahoma  78"*  B.,  and  in  California  72°  B. 

As  formed  in  the  accumulator  tank  this  condensate  is  ''wild/' 
owing  to  the  absence  of  low-gravity  fractions^  to  dissolved  gas,  and 
to  hydrocarbons  that  can  be  held  as  liquids  only  under  nigh  pressure 
at  the  temperatures  attained  in  the  water-cooled  coils.  As  the  pres- 
sure is  reduced  by  the  automatic  traps  or  in  the  transfer  from  ac- 
cumulators to  the  ''make"  or  storage  tanks^  the  lighter  fractions 
and  dissolved  gases  inmiediately  start  coming  off  and  build  up  pres- 
sure in  the  tank  containing  them  or  escape  to  the  atmosphere. 
For  these  reasons  the  condensate  from  high-pressure  accumulators 
is  usually  discharged  to  tanks  containing  the  heavier  fractions  pre- 
cipitated in  other  coils  and  is  often  blended  in  there,  or  before  it 
reaches  the  storage  tanks. 

CONDENSATE  FROM  EXPANSION  OOEL. 

Table  6  (p.  45)  gives  the  gravity  and  percentage  of  this  con- 
densate as  obtained  in  plants  using  expansion  units.  The  conden- 
sate has  much  the  same  physical  characteristics  as  the  condensate 
from  high-pressure  water-cooled  coils  and  is  handled  and  treated  in 
the  same  way. 

CONDENSATE  FKOM  EXPANSION  EXHAUST. 

As  stated  and  discussed  under  expansion  units,  plant  6  collecta  a 
high-gravity  (105**  B.)  condensate  in  an  accumulator  close-connected 
to  the  exhaust  of  the  second-stage  expansion  cylinder.  This  con- 
densate is  stored  separately  and  held  imder  pressure  until  blended 
with  large  quantities  of  48^  B.  naphtha. 

At  the  plant  shown  in  Plates  VIII,  A  (p.  46),  and  IX,  A  (p.  47), 
the  condensate  collected  in  the  expansion-exhaust  accumulator  tank 
is  mixed  with  the  balance  of  the  plant  product  and  the  mixture  is 
shipped,  without  blending,  by  auto  trucks. 

CONDENSABLE  HYD&OCABBON  FRACTIONS  IN  NATT7BAL  GAS. 

From  these  data  and  from  points  previously  brought  out,  it  appears 
that  different  natural  gas  from  different  fields  containing  the  same 
quantity  of  condensable  vapors  seldom  contains  the  same  percentages 
of  the  various  hydrocarbon  fractions  entering  into  the  composition 
of  gasoline. 

This,  in  part  at  least,  explains  the  wide  variation  in  the  gravity  and 
amount  of  product  obtained  under  similar  conditions  of  temperature 
and  pressure  in  different  plants  treating  gas  from  different  parts  of  the 
same  field  or  from  different  fields. 

From  the  study  made  by  the  writer  of  the  conditions  as  found  in 
fields  throughout  the  United  States,  the  explanation  seems  to  lie  in 
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ftny  one,  or  a  combination^  of  three  conditions — ^the  fractional  com- 
position of  the  gasoline  content  of  the  oil  from  which  the  gas  comes, 
the  temperature  of  the  oil;  and  the  pressure  on  the  oil  at  the  time  of 
releasing  the  vapors  to  the  gas. 

Under  the  first  condition,  as  demonstrated  by  refinery  results  and 
fractionations;  it  has  been  shown  that  distillates  of  the  same  gravity 
and  the  same  or  different  end  points  vary  widely  in  the  content  of 
the  different  fractions  obtained  between  the  same  temperature  limits. 
The  oil  containing  only  certain  fractions  of  the  light  hydrocarbons 
can  give  up  only  these  fractions  to  the  gas,  regardless  of  the  tempera- 
ture or  pressure. 

As  the  temperature  of  the  oil  varies  in  different  fields  and  at  differ- 
ent localities  and  depths  in  the  same  field;  the  factor  of  temperature 
must  bear  directly  on  the  fractions  of  distillates  contained  in  the 
gas.  At  constant  pressures  and  temperatures  only  certain  of  the 
fractions  will  vaporize  and  be  carried  into  the  gas,  leaving  other 
fractions  as  liquids  with  the  oil. 

In  any  oil  field;  rock  pressures  decline  as  the  supply  of  gas  and  oil 
is  reduced.  As  the  boiling  or  vaporizing  temperatures  of  Uquids  are 
lowered  by  reduced  pressures,  this  condition  of  lower  pressures  allows  the 
less  volatile;  heavier  fractions  to  vaporize  if  the  temperature  remains 
constant;  thus  adding  to  the  gasoline  content  of  the  gas.  As  the 
rock  pressure  becomes  low  and  the  rate  of  decline  so  slow  as  to  be 
practically  stationary,  and  vapors  no  longer  distill  naturally  from  the 
oil  left  in  the  ground;  resort  is  had  to  vacuum  pumps  to  increase  the 
flow  of  oil  and  gas,  thus  permitting  the  vapors  to  distill  from  the  oil 
in  the  sands.  Under  this  method  is  produced  the  gas  of  which  the 
greatest  proportion  is  condeiisable,  as  in  eastern  compression  practice. 

The  widely  varying  conditions  under  which  casing-head  gas  obtains 
its  chaige  of  condensable  vapors,  the  variable  content  of  lighter 
hydrocarbons  in  the  oil  in  the  ground,  and  the  direct  effects  of 
the  law  of  partial  pressures  on  the  products  precipitated  at  the 
different  stages  in  plant  practice  wUl  to  no  small  extent  accoimt  for 
the  great  differences  in  plant  practice  as  to  pressures  and  tempera- 
tures used;  and  also  for  the  variations  in  the  percentage  and  gravity 
of  the  condensates  of  successive  plant  stages  and  the  gravity  and 
vapor  tensions  of  the  product  of  plants  in  different  fields. 

VABIATIOKS  IN  PLAKT  PBODTTCT. 

The  quantity  and  the  gravity  of  condensates  from  different  plants  is 
shown  in  Table  2  (p.  29).  These  figures  represent  the  average  quan- 
tity and  the  average  gravity;  but  both  vary  considerably  from  day 
to  day  and  month  to  month.  Many  theories  have  been  advanced 
to  account  for  these  variations,  but  none  of  them  is  satisfactory  in 
analyzing  the  variations  as  they  actually  occur  in  plant  production. 
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From  the  known  effects  of  temperature  on  gas  containing  conden- 
sable vaporS;  it  is  reasonable  to  believe  that  atmospheric  conditions, 
changing  as  they  do  with  the  seasons,  explain  in  part  the  differences 
noticed  from  time  to  time  in  the  yields  from  the  different  stages  and 
in  the  total  plant  output.  Many  operators  state  that  a  larger  pro- 
portion of  condensate  of  higher  gravity  is  collected  in  the  low-stage 
accxunulator  tanks  in  cold  weather.  This  same  result  is  noticed  also 
in  the  quantity  and  gravity  of  ''line  distillate"  precipitated  in 
gathering  systems  and  collected  in  the  line  drips.  In  many  plants 
the  total  production  increases  in  winter,  but  this  is  not  always  true, 
as  in  plants  using  low  temperatures,  produced  by  expansion  engines. 
It  is  often  found  that  cold  weather  condenses  some  vapor  in  the 
gathering  lines,  and  imless  this  is  collected  anc^.  added  to  the  total 
an  actual  decrease  in  plant  production  results.  It  has  been  shown 
by  several  records  of  plant  production  that  the  yield  decreases  on  a 
cold  day  and  increases  to  a  point  well  above  the  average  on  the  first 
wann  day  after  a  period  of  cold  weather.  A  plant  in  a  hot  climate 
on  keeping  records  of  the  variations  in  production  and  attempting 
to  determine  the  factors  concerned,  found  that  in  general  the  pro- 
duction usually  varied  from  day  to  day  with  the  temperature,  but  at 
times  varied  in  the  opposite  direction.  The  operators  believed  that 
the  cause  was  to  be  foimd  in  a  combination  of  atmospheric  condi- 
tions, including  temperature,  barometric  pressure,  and  humidity, 
which  undoubtedly  would  affect  evaporation  and  cooling  of  water 
used  either  in  towers  or  sprays.  To  what  extent  these  conditions 
control  the  production  or  account  for  the  variations  in  it,  it  is  not 
possible  to  say. 

Another  plant  that  had  been  treatixig  the  same  quantity  of  gas 
daily  from  the  same  wells  for  nearly  three  years  suddenly  increased 
its  production  from  5,200  to  5,900  gallons  per  day,  averaged  over  a 
period  of  one  month,  no  changes  having  been  made  in  plant  practice. 
The  operators  believed  that  the  increase  was  due  to  some  change  in 
undergroxmd  conditions  that  permitted  the  gas  to  be  enriched. 
Exceedingly  careful  records  have  been  kept  at  this  plant,  and  these 
show  that  the  daily  production  usually  varied  between  100  and  300 
gallons.  The  sudden  increase  of  700  gallons  daily  over  a  period  of 
one  month  has  not  been  satisfactorily  accounted  for.  The  gravity 
of  the  condensate  remained  constant. 

Usually  the  gravity  of  the  total  plant  product  increases  in  cold 
weather,  owing  to  the  separation  of  part  of  the  heavy  fractions  in 
the  gathering  lines  and  to  the  condensation  of  lighter  fractions  in  the 
water-cooled  coils. 

It  appears  that  a  satisfactory  explanation  of  the  causes  of  varia- 
tion in  production  will  not  be  arrived  at  imtil  complete  records  of 
the  variations  in  yield  and  gravity  of  the  condensate,  in  the  tern- 
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peratiires  and  pressures  used;  and  in  atmospheric  conditions  are  kept 
at  different  plants  so  these  data  can  be  studied  with  reference  to  each 
other  and  a  comparison  made  of  the  results  obtained  at  a  nimiber  of 
plants  in  different  fields  and  under  different  climatic  conditions. 

THE  USE  OF  AMMOiriA  AS  AIT  AUXILIABY  COOLIITG  AGENT. 

DESCBIPTION  OF  PLAKT  IX  TTTLLEB/TON  FIELD. 

A  detailed  description  of  plant  2,  which  is  situated  in  the  Fullerton, 
Calif omia,  field  follows:  The  casing-head  gas  bxjuig  treated  in  the  plant 
is  brought  from  20  oH  wells  through  3,500  feet  of  2,  4,  and  6  inch  lines^ 
2-mch  lead  lines  from  the  different  weUs  being  connected  with  the 
main  gathering  lines  of  4  and  6  Inches  diameter. 

The  6-inch  main  discharges  the  gas  at  the  plant  into  a  6-foot  by 
10-foot  steel  receiver  which  also  acts  as  a  scrubber  and  accumiilating 
tank  for  '*line  distillate,"  removing  from  the  gas  the  crude  oil,  the 
condensate  formed  in  the  pipe  lines,  and  dirt.  The  receiver  is  con- 
nected to  a  single-stage,  40-horsepower,  noncondensing,  direct- 
connected  air  compressor  with  12  by  16  by  12  inch  cylinders.  The 
compressor  is  steam  driven,  rate  200  revolutions  per  minute,  and 
takes  steam  at  a  pressure  of  110  pounds.  The  compressor  holds  on 
the  intake  receiver  a  lO-iach  vacumn  that  brings  the  gas  through  the 
pipe  lines  from  the  well,  but  is  practically  dissipated  by  friction  and 
leakage,  leaving  the  pressure  at  the  wells  at  or  near  zero. 

REFRIGERATION  '*  STILLS." 

Seven  ''stills,"  or  coil  heat  interchangers  are  used  in  cooling  the 
gas.  (See  fig.  11.)  Each  still  consists  of  1,260  feet  of  li-inch,  extra 
heavy  pipe  coiled,  with  return  bends,  inside  of  a  12-inch  tube  80  feet 
long  laid  at  a  slope  of  1  inch  in  10  feet,  or  8  inches  in  all,  to  collect  the 
condensate  at  one  point,  thence  it  is  drained  into  storage  or  ''make" 
tanks.  The  seven  stills  are  parallel  with  one  another,  all  drainuig 
in  the  same  direction.  Four  of  the  stills,  in  which  ammonia  is  used 
as  the  refrigerant,  are  insulated  by  about  1  foot  of  sawdust  con- 
tained in  a  wooden  housing  about  the  tube;  the  other  three  coils, 
which  treat  the  hot  gas  from  the  compressor,  are  not  insulated  and 
are  exposed  to  the  air,  the  hot  gas  flowing  in  the  12-inch  tube  and  the 
cold  gas  in  the  l^-inch  coils. 

The  compressor  discharges  the  gas  at  a  pressure  of  37  pounds  and 
a  temperature  of  150°  F.  into  stills  1  and  2,  connected  in  parallel. 
These  stills  dischai^e  into  the  outer  tube  of  still  3,  the  gas  from  this 
still  flowing  through  the  outer  tube  of  each  of  the  other  stills  in  suc- 
cession. The  dry,  cold  gas  from  stiQ  7,  in  which  the  lowest  tempera- 
ture, approximately  10°  F.,  and  the  final  precipitation  of  condensate 
are  obtained,  is  discharged  into  a  pipe  which  returns  it  to  the  li-inch 
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coils  of  stills  1 J  2;  and  3.  The  gas  is  divided  equally  between  the  three 
coik  of  these  stills,  flowing  through  them  in  parallel,  thence  it  dis- 
charges into  a  header  connected  with  the  field,  or  ''dry-gas/'  lines 
carrying  it  back  to  the  various  leases. 


^ 


^^^^^^  ^ » ^  ^  >  f^f^^r^  t  m- 


IP 


TWrfilS 


9  0Sf  IIIMS 


\. .. -~~.— .--^ -....-... .. 


£0H  iias^ 


v'Ohf  iitig 


rw  iiu^ 


z  w  iiag 


/  w  nag 


I 
I 


\ 


TEMFERATTTRES  OBTAINED. 


The  following  table  gives  the  average  temperature  of  the  gas  as  it 
enters  each  of  the  stills;  also  the  average  gravity  of  the  condensate 
dischai^ed  at  the  low  end  of  each  still.  The  gravity  of  the  mixture 
of  the  entire  product  from  all  the  stills  averages  76°  B. 
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TefnTperoJbJort  ofgoM  and  gravity  of  condensate  from  each  of  the  seven  stills, 

Temparature  of  gas        QniTity  of 
In  each  still,  *F.      candeoflate,  *B. 

Stills  1  and  2 150  62 

Still  3 75  65 

Still  4 50  73 

S  tiU  5 40  78 

Stme 30  85 

StiU7 10  95 

COOUNO   SURFACE. 

In  each  still  the  1,260  feet  of  li-inch  pipe  exposes  a  radiating  sur- 
face of  412  square  feet  to  the  wet  gas  being  refrigerated  in  the  12-inch 
tube,  or  2,884  square  feet  in  the  entire  set  of  seven  stills.  Of  the  2,884 
square  feet  of  surface  area,  1,648  feet  are  cooled  by  ammonia  in  stills 
4,  5,  6,  and  7,  and  1,236  feet  by  cold,  dry  gas  in  stills  1,  2,  and  3  that 
has  passed  through  the  entire  set  of  refrigerating  tubes,  giving  a  total 
of  8.24  square  feet  of  cooling  surface  for  each  1,000  cubic  feet  of  gas 
treated  per  day. 

COLLECTINO  CONDENSATE. 

The  condensate  from  each  still  is  drawn  oflf  continually  from 
the  bottom  at  the  low  end  through  a  1-inch  pipe  manifold  to  a 
cone-bottom  settling  tank  in  which  the  gasoline  and  the  water  sepa- 
rate by  gravity,  the  water  being  drawn  off  at  the  bottom  and  the  con- 
densate flowing  to  the  storage  tanks.  The  1-inch  manifold  and  the 
bottom  of  each  still  are  connected  by  a  J-inch  gage  glass  through 
which  the  condensate  precipitated  in  that  still  flows,  allowing  the 
operator  to  see  at  all  times  the  flow  of  condensate  before  it  is  mixed 
with  that  of  other  stills.  By  this  arrangement  he  can  note,  without 
stopping  the  plant,  whether  any  discolored  condensate  is  being  dis- 
chai^ed,  or  whether  any  one  of  the  stills  is  not  working  properly. 

AMMONIA   CIRCUIT. 

The  ammonia  used  in  refrigeration  is  compressed  in  the  duplex 
compression  cylinders  of  a  30-ton  Stevens  ice  machine,  direct-con- 
nected to  a  125-horsepower,  tandem-compound,  steam-driven  Corliss 
engine,  with  10  by  20  by  12  inch  cylinders  taking  steam  at  110  pounds 
and  operating  at  80  revolutions  per  minute. 

From  the  compression  cylinders  the  ammonia  gas  is  discharged 
at  a  pressure  of  150  poimds  to  the  inside  l^-inch  pipe  of  a  double-pipe 
water-cooled  coil,  the  water  circulating  through  the  outside  2-inch 
pipe.  This  coil  unit  consists  of  three  sets  of  double-pipe  return-bend 
coils  eight  pipes  high  and  20  feet  long.  Water  circulated  by  a  cen- 
trifugal pump  flows  from  the  coils  over  a  cooling  tower,  collects  in  the 
tower  basin  and  is  returned  to  the  coils  by  the  pump  at  a  temperature 
somewhat  below  that  of  the  atmosphere.  From,  the  inside  coils  the 
ammonia  flows  through  a  ^-inch  pipe  to  a  receiver  or  storage  tank. 
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made  of  8-inch  casing  15  feet  long,  thence  through  an  expansion  valve 
to  the  four  stills,  connected  in  parallel  as  described  above,  at  a  pres- 
sure of  15  pounds  and  a  temperature  of  10*^  F.  The  ammonia  is  dis- 
charged from  the  four  stills  into  a  pipe  manifold  leading  to  the  am- 
monia compressor,  to  be  returned  through  the  circuit.  Ammonia 
lost  in  the  pipes  and  stills  by  leaks  and  breaks  is  replaced  from  time 
to  time  from  a  steel  bottle  of  compressed  ammonia  connected  to  the 
ammonia  circuit  as  indicated  in  figure  11. 

DESCBIPTION  OF  PLANT  IN  SANTA  MABIA  FIBIJ). 

Plant  10  uses  ammonia  as  an  auxihary  cooling  agent  in  addition  to 
water  cooling  and  expansion  coohng.  At  this  plant  the  gas  passes 
through  water-cooled  coils  after  each  of  the  three  stages  of  compres- 
sion, then  through  a  coil  cooled  with  brine  refrigerated  by  anmionia 
from  an  ice-making  machine,  and  then  through  double-pipe  coils 
cooled  by  expanding  gas. 

The  gas,  after  being  cooled  in  the  high-pressure  (250  pounds) 
water-cooled  coils,  is  led  through  a  continuous  coil  of  4-inch  pipe  450 
feet  in  length,  inclosed  in  a  wooden  tank  or  basin  built  with  double 
walls  and  bottoms,  9  inches  apart,  the  space  between  the  walls  being 
packed  with  sawdust.  This  coil  is  cooled  with  brine.  The  tank 
bottom  has  enough  slope  to  drain  the  brine  toward  one  end,  whence 
it  is  pumped  for  recirculation  through  the  unit.  The  brine  (calcium- 
chloride  solution)  is  brought  in  contact  with  the  expanded  ammonia 
by  the  use  of  coils  in  an  iron  tank,  reducing  the  temperature  of  the 
brine  to  about  32°  F.  From  this  cooling  tank  the  brine  is  circulated 
by  a  centrifugal  pump  to  the  gas-coohng  coils,  where  it  is  discharged 
in  such  a  way  as  to  drip  over  the  coil  and  collect  at  the  low  end  of 
the  basin,  to  be  discharged  again  to  the  ammonia-cooled  brine  tank. 

The  gas  discharged  from  the  brine-cooled  coils  has  a  temperature 
of  32°  to  34°  F.  The  advantage  claimed  for  this  system  is  that  the 
temperature  produced  by  the  brine  cooling  precipitates  all  the  water 
vapor  in  the  gas,  thus  preventing  freezing  of  the  double-pipe  coils 
cooled  by  gas  from  the  expansion  engine.  This  is  without  doubt  an 
advantage  to  be  desired,  but  it  could  probably  be  obtained  in  this 
plant,  as  in  other  plants,  by  a  more  thorough  use  of  expanded  gas  in 
coils  of  greater  length  and  smaller  diameter,  or  by  using  the  expanded 
gas  in  two  sets  of  coils  and  coohng  the  high-pressure  gas  in  two  stages, 
the  first  stage  using  the  expanded  gas  from  the  second-stage  coils. 
The  first  coils  being  partly  warmed,  would  precipitate  only  water  if 
the  temperature  were  properly  adjusted  as  is  done  in  other  plants 
described.  The  anmionia  compressor  and  coils,  also  the  brine  cir- 
culating pumps,  coils,  and  cooler  could  be  abandoned,  and  only  the 
extra  set  of  expansion  coils  put  in  to  replace  them. 

The  brine  and  ammonia  coohng  installation  is  cumbersome,  ineffi- 
cient, and  requires  more  time  and  care  than  the  result  warrants. 
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TBEATMEVT    OF    STILL    VAPOBS    BY    COMPBESSIOV    AT    A 

BEFIHEBY  IN  VEW  JEBSET. 

VAPOBS  TBBATED. 

The  gases  treated  in  the  compression  plant,  designated  as  plant  80 
in  the  tables,  at  a  refinery  in  New  Jersey  are  those  from  all  cooling 
coils  in  which  the  lighter  fractions  of  crude  oil  and  naphthas  from 
both  fire  and  steam  stills  are  being  condensed.  Figure  12  shows  (at 
the  extreme  left)  the  condenser  box  and  coils  from  which  the  uncon- 
densed  gases  and  vapors  treated  by  compression  originate.  From 
that  point  each  imit  and  process  is  shown  diagrammatically  to  the 
point  at  which  the  condensate  and  fixed  gases  are  finally  separated 

COLLECTZNG  VAPOBS. 

At  the  discharge  pipe  of  the  coils  in  water  boxes  a  T  connection  is 
made,  the  condensate  flowing  down  into  pipes  connected  with  the 
**tail  house''  and  *'look  boxes";  the  gases  and  vapors  rise  through  a 
vertical  pipe  6  feet  high  to  the  8  or  10  inch  collecting  pipe  called  the 
gas  main.     The  gas  main  is  also  connected  with  a  2-inch  pipe  to  the 
condensate'  line  at  a  point  about  2  feet  back  of  the  look  boxes,  and 
with  a  2-inch  pipe  leading  from  the  top  of  the  look  boxes,  both  of 
which  are  used  to  relieve  the  pressure  and  collect  vapors  that  have 
been  carried  past  the  first  stage  of  separation,  or  have  formed  in  the 
condensate  flow  lines.     From  the  top  of  the  gas  main  the  gas  is  led 
through  12-inch  pipe  connections  past  a  butterfly  valve,  which  regu- 
lates the  vacuum  held  on  the  discharge  pipes  of  the  condenser  coils, 
to  a  vertical  steel  receiving  tank  15  feet  in  diameter  and  18  feet  high. 
In  this  tank  the  gas  is  given  a  preliminary  scrubbing  with  sea  water, 
removing  part  of  the  sulphur  compoxmds,  some  heavy  oils  which 
have  been  carried  through  the  stills,  and  a  small  quantity  of  discol- 
ored condensate  of  approximately  53®  B.  gravity.     The  12-inch  pipes 
leading  to  the  receiver  are  taken  out  at  the  top  of  the  gas  main, 
instead  of  the  bottom,  so  as  to  trap  back  any  condensate  formed  in 
the  main  and  allow  it  to  flow  down  the  6-foot  risers  and  back  into 
the  lines  from  the  coils  to  the  tail  house  with  the  rest  of  the  con- 
densates produced.    The  vacuum  held  and  regulated  by  the  butter- 
fly valve,  previously  referred  to,  on  the  gas  mains  and  on  the  discharge 
of  the  condenser  coils  is  between  0.25  and  1  inch  of  mercury  (2  to  8 
ounces  below  atmospheric  pressure).     There  is  no  gage  between  the 
butterfly  valve  and  the  blower  that  produces  the  vacuum,  so  no 
record  of  the  pressure  between  these  points  is  available.     However, 
the  writer  was  informed  that  a  test  had  been  made  that  showed  a 
vacuum  of  22  inches  of  mercury. 
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SCKUBBINO  PBOCBSS. 


From  the  receiving  tank  a  12-inch  pipe  carries  the  gas  to  a  size  8 
positive-pressure  Root  blower  which  holds  the  vacuum  on  the 
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cciving  tank  and  the  gas  mains  and  delivers  the  gas  at  a  pressure  of 
one  pound  to  the  scrubbers  and  the  low-pressure  compressor  beyond 
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the  scrabbers.  From  the  blower  the  gas  passes  through  six  4  by 
20  foot  yertical  iron  scrubbers  connected  in  series.  The  connections 
are  so  made  that  by  opening  or  closing  yalves,  the  scrubbers  may  be 
operated  as  two  sets,  in  parallel,  of  three  tanks  connected  in  series. 
This  arrangement  was  tried  and  abandoned  in  favor  of  the  series  of 
six.  In  each  scrubber  the  gas  enters  at  a  point  about  two  feet 
above  the  bottom,  passes  a  series  of  wood  bafBes  over  which  warm 
wash  water  or  caustic  solution  is  falling,  and  discharges  at  the  top. 
The  gas  then  passes  through  the  next  scrubber  in  the  series. 

In  the  first  four  scrubbers  warm  sea  water,  flowing  over  baffles 
countercurrent  to  the  gas,  is  used  to  remove  impurities,  consisting 
chiefly  of  sulphur  and  sulphur  compoimds,  from  the  gas.  In  the 
fifth  scrubber  a  solution  of  sodium  hydroxide  (lye)  with  a  specific 
gravity  of  12®  B.  is  circulated  over  the  wood  baffles,  in  the  same  man- 
ner as  the  water  in  the  other  tanks,  to  remove  any  acids  contained 
in  the  gas.  These  impurities  may  originate  either  in  the  crude  oil 
or  in  the  refining  of  the  various  distillates  from  which  vapors  are 
taken  for  treatment  by  compression.  The  lye  used,  as  received  at 
the  refinery  from  the  manufacturer,  is  a  35*^  to  40*^  solution.  It  is 
transferred  to  one  of  four  iron  storage  tanks  and  diluted  to  the 
strength  used  in  the  scrubber.  After  being  circulated  until  it  will 
not  neutralize  the  acid  in  the  gases  and  becomes  foul,  it  is  wasted 
and  fresh  solution  is  put  into  circulation. 

In  the  sixth  scrubber  warm  salt  water  is  used  to  remove  any 
traces  of  caustic  remaining  in  the  gas.  Caustic  in  the  gas  would 
react  with  the  lubricating  oils  in  the  compressor  cylinders,  causing 
cutting  of  the  cylinders  or  an  excessive  waste  of  oil. 

The  gas  in  passing  through  the  six  scrubbers  is  warmed  2^  to  6*^ 
F.  by  the  warm  water  used  as  the  scrubbing  medium.  This  warm 
salt  water  is  the  discharge  from  the  Wheeler  condenser  used  in  con- 
nection with  the  low-pressure  steam  cylinder  of  the  compressor. 
The  fact  that  the  water  used  is  salt  has  nothing  to  do  with  the  process. 
Sea  water  is  used  because  it  is  the  most  available,  the  plant  being 
situated  on  the  Atlantic  coast.  No  condensate  is  formed  during 
the  scrubbing.  This  would  be  anticipated  because  of  the  increased 
temperature  of  the  gas  due  to  the  use  of  the  warm  condenser  water. 
Both  the  water  and  the  lye  solution  circulated  through  the  scrubber 
tanks  are  handled  by  duplex  pumps. 

COMPRESSION  AND  COOUNO. 

From  the  sixth  scrubber  the  gas  is  deUvered  at  a  pressure  of  1 
pound  and  a  temperature  of  70°  F.  to  the  low-pressure  cylinder  of 
the  compressor,  which  discharges  it  at  a  pressure  of  43  pounds  and  a 
temperature  varying  between  200°  and  250°  F. 

Gas  discharged  from  the  low-pressure  cylinder  to  the  intermediate 
eooling  coils  is  passed  through  a  Bundy  oil  separator,  which  removes 
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lubricating  oils  carried  over  with  hot  gas  and  gasoline  vapor  irom 
the  compressor  cylinder.  The  coils  used  are  the  water-cooled  type 
submerged  in  a  box,  typical  of  refinery  construction.  The  gas  is 
divided  in  a  header  into  six  sets  of  retum-bend  coils  of  3-inch  pipe 
10  feet  long  and  six  pipes  high,  totaling  360  feet  of  3-inch  pipe, 
exposing  a  radiating  surface  of  283  square  feet,  or  0.189  square  foot 
per  1,000  cubic  feet  of  gas  treated  per  day.  This  is  approximately 
one-third  of  the  radiating  area  usually  found  in  compression  plants 
for  the  same  service. 

At  the  bottom  of  the  coil  the  gas  is  again  collected  through  a 
header  and  discharged  into  an  accxunulator  tank  in  which  750  to 
1,000  gallons  of  condensate  is  collected  each  day.  The  condensate 
varies  in  gravity  according  to  weather  conditions,  averaging  68®  B. 
in  simuner  and  72°  B.  in  winter.  The  product  collected  in  this 
accumulator  tank  is  forced  into  storage  tanks  by  the  working  gas 
pressure  as  often  as  necessary  and  blended  with  the  rest  of  the 
condensate.  The  gas  leaving  the  coils  has  a  temperature  of  70**  to 
90°  F.,  the  high  temperature  probably  being  due  to  the  small  cooling 
area  used  at  this  plant. 

At  this  temperature  and  pressure  (70°  to  90°  F.  and  43  pounds) 
the  gas  enters  the  high-pressure  cylinder  and  is  discharged  at  a 
pressure  of  160  pounds  and  a  temperature  between  170°  and 
250°  F.  The  gas  is  again  led  through  a  B\mdy  trap  to  separate 
lubricating  oils,  as  previously  described,  and  then  to  the  high-pressure 
cooling  coils,  which  are  the  same  size  and  length  as  the  intermediate 
coils  used  to  cool  the  low-pressure  gas,  except  that  two  sets  are  used 
in  series  in  place  of  one,  having  twice  the  coohng  area.  The  average 
temperature  to  which  the  gas  is  reduced  in  these  coils  is  70°  F.  and 
is  the  lowest  temperature  used  in  the  treatment. 

After  the  condensate  and  gas  have  been  separated  in  the  high- 
pressure  accumulator  tank  the  pressure  is  reduced  through  a  valve 
to  one-half  poxmd  and  the  gas  dischai^ed  to  a  gas  receiver  in  which 
gas  is  stored  and  used  for  fuel  under  boilers,  stills,  etc.,  in  the  plant. 

BI^NDING. 

Blending  at  this  plant  is  all  done  under  a  pressure  of  160  pounds  in 
the  high-pressure  accimiulator  tank,  as  follows: 

Naphtha  with  a  gravity  of  53°  B.  is  piunped  through  IJ-inch  pipe 
in  coU  boxes  and  cooled  to  70°  F.,  then  into  the  top  of  the  high- 
pressure  accumidator  tank,  and  sprayed  through  the  riislng  gas  at  a 
rate  which  gives  a  mixture  containing  approximately  four  parts  of 
naphtha  to  one  of  condensate,  or  about  80  per  cent  naphtha.  At 
regular  intervals  the  mixture  is  drawn  off  into  another  tank  con- 
taining the  low-stage  condensate,  and  the  resulting  mixture  sampled 
and  tested  for  gravity.    If  the  gravity  is  found  to  be  too  high,  more 
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naphtha  is  pumped  mto  the  accumulator  tank^  which  lowers  the 
gravity  of  the  next  batch  drawn  oflf  into  the  storage  tank  and  of  all 
the  blend  in  storage,  or  if  the  gravity  was  too  low  the  proportion  of 
naphtha  pumped  into  the  accumulator  is  cut  down.  From  4,000  to 
5,000  gallons  of  raw  condensate  is  made  daily  in  the  high-pressure 
coils,  and  this  with  the  condensate  from  the  low-pressure  coils  makes 
a  total  production  of  6,000  to  6,000  gallons  per  day  from  treated  gases 
and  vapors.  The  raw  condensate  from  the  high-pressure  coils  has 
a  gravity  varying  between  76**  and  93°  B.  After  blending  with 
naphtha,  the  product  has  a  gravity  of  58°  to  61°  B. 

The  level  of  the  mixture  in  the  high-pressure  accumulator  tank  is  at 
all  times  kept  above  the  discharge  pipe  from  the  coils,  thus  forcing 
all  the  gas  to  pass  through  the  blended  product.  It  is  claimed  that 
this  method  adds  250  to  500  gallons  daily  to  the  net  production. 
Inasmuch  as  the  blend  is  four  parts  naphtha  to  one  of  condensate, 
and  the  temperature  of  the  gas  in  the  coils  is  such  as  to  leave  part  of 
the  comparatively  heavy  gasoline  fractions  uncondensed,  absorption 
of  liquids  from  the  gases  or  absorption  of  the  gases  themselves  may 
reasonably  take  place.  The  general  practice  throughout  the  United 
States,  however,  is  to  remove  the  condensate  from  contact  with  the 
gas  as  soon  as  possible. 

QXTANTITY  OF  GAS  TREATED,  AND  PBODTTCTION. 

The  volume  of  gas  treated  is  computed  from  the  compressor  dis- 
placement, and  the  record  of  engine  revolutions  with  5  per  cent 
deducted  for  slippage.  On  this  basis  the  gas  passing  through  the 
plant  varies  between  1 J  and  2  million  cubic  feet  per  day,  and  shows 
an  average  production  of  3.09  gallons  of  condensate  per  1,000  cubic 
feet  of  gas  treated. 

COMPBESSOB. 

All  gas  compressed  passes  through  a  2-stage  Corliss-valve  com- 
pressor, direct  connected  to  a  combination  cross-compound,  condens- 
ing Corliss  engine;  steam  cylinders  are  16  and  32  inches  in  diameter 
with  30-inch  stroke.  The  compressor  speed  varies  greatly,  being 
dependent  upon  the  amount  of  gas  coming  from  the  stills,  which  in 
turn  depends  upon  the  stage  of  distillation  of  oil  at  which  the  various 
stills  are  working. 

SPECIAL  FEATXTBES  OF  PLAKT. 

The  noteworthy  features  of  this  compression  plant  are  the  scrubbers 
for  removing  sulphur  and  acid,  the  Root  blower  as  a  booster  unit,  the 
passing  of  gas  through  the  condensate  to  bring  about  greater  pro- 
duction of  gasoline  condensate  by  absorption,  and  the  large  amount 
of  naphtha  used  in  the  blended  product. 
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MACHIVES  USED  IN  COMPBESSIOV  PLAVTS. 


Table  7  shows  the  total  rated  horsepower  used  in  gas  compression 
in  each  of  the  plants  listed,  and  the  number  of  cubic  feet  of  gas  com- 
pressed per  day  by  one  rated  horsepower. 

Table  7. — liated  horsepower  and  capacity  o/vanotu  planti. 


Plant  No. 

Total 
rated 
horse- 
power. 

Cubic  feet 

ofgas 
compressed 

daily  per 
horsepower. 

Plant  No. 

Total 
rated 
horse- 
power. 

Cubic  feet 

ofgaa 
ooinpressed 

dally  per 
horsepower. 

3 
4 
7 
0 
11 
12 
14 
16 
17 
19 
20 
21 
22 
30 
32 
33 

110 
300 
1,800 
820 
480 
240 
330 
100 
300 
576 
495 
300 
180 
210 
095 
560 

4,100 
4,000 
4,160 
3,200 
3,100 
2,917 
3,030 
2,500 
2,500 
3,080 
3,030 
3,300 
3,300 
3,500 
4,300 
8,200 

31 
35 
36 
37 
38 
50 
51 
62 
64 
65 
56 
57 
76 
77 
78 
70 

300 
100 
480 
170 
300 
320 
110 
100 
900 
300 
210 
330 
300 
60 
SO 
106 

2,500 
8,500 
2,400 
2,300 
2,500 
8.700 
2,170 
2,500 
2,500 
4,170 
1,800 
2,400 
6,750 
8,000 
900 
2,880 

The  quantity  of  gas  compressed  or  treated  per  horsepower  in  the 
plants  visited  varies  between  wide  limits.  The  chief  causes  for  this 
variation  are  that  the  intake  pressures  vary  widely  and  also  the  final 
pressures  vary  between  75  and  300  poimds.  Many  other  factors  in 
plant  operation  also  affect  the  results,  among  which  are  the  actual 
efficiency  of  the  engine  and  compressor  used,  the  temperature  of  the 
gas  at  different  stages,  the  sizes  and  length  of  pipes  through  which 
the  gas  is  forced,  and  the  power  used  in  driving  pumps  and  line  shafts, 
which  in  many  plants  is  taken  from  the  engine  that  drives  the  com- 
pressor. In  plants  where  expansion  engines  are  used  to  compress 
gas  no  attempt  has  been  made  to  estimate  or  add  the  power  delivered 
by  such  units. 

The  table  shows  that  the  average  plant  visited  by  the  writer  has 
340  horsepower  and  treats  approximately  3,250  cubic  feet  of  gas  per 
day  for  each  rated  horsepower  installed.  The  conditions  under  which 
many  of  these  plants  are  operating  may  be  found  in  Tables  3, 4,  and  6. 
Among  operators  who  design  plants  and  use  the  rated  horsepower, 
rated  compressor  capacity,  and  atmospheric  pressure  at  the  intake, 
with  a  discharge  pressiure  of  250  pounds,  4,000  cubic  feet  of  gas 
daily  per  horsepower  is  used  for  preliminary  estimates  of  the  re- 
quirements of  a  plant  to  treat  a  given  volume  of  gas.  The  final 
estimates  necessarily  must  include  all  the  items  mentioned  above, 
and  also  take  into  consideration  all  of  the  special  conditions  imder 
which  the  plant  in  questipQ  is  to  operate. 
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BKGINBS  AND  POWEB. 

Machines  of  practically  all  well-known  manufacturers  making  gas 
engines  or  compressors  have  found  their  way  into  compression 
plants.  One  company  which  has  done  much  pioneer  work  in  both 
the  laboratory  and  the  fields  tending  to  develop  the  natural-gas 
gasoline  industry;  has  placed  its  engines,  compressors,  or  both,. in 
many  plants  in  every  field  visited  by  the  writer. 

Plates  XIII  and  XIV  show  engine  installations  at  two  compression 
plants. 

Table  8  gives  data  on  the  motive  power,  types,  and  sizes  of  engines 
and  compressors,  method  of  connection,  and  the  number  of  com- 
pressor units  used  in  the  plants  visited. 

ia  plant  24,  electric  motors  have  been  installed  to  drive  the  com- 
pr^sors.  Originally  gas  engines  were  used,  but  the  gas  being  treated 
became  so  rich  in  gasoline  content  that  not  enough  gas  was  dischai^ed 
after  treatment  to  operate  the  engines.  The  motors  are  set  on  the 
blocks  that  were  used  for  engine  beds  and  are  in  the  same  room  with 
the  compressors.  Because  of  the  possibility  that  gas  may  escape 
about  the  compressors  and  be  ignited  by  sparks  from  the  motors, 
this  arrangement  would  appear  to  be  dangerous  practice,  but  thus 
far,  owing  probably  to  especial  precautions  in  ventilation,  no  fires  or 
explosions  have  occurred. 

Plants  19,  20,  and  21,  all  built  in  1916,  use  vertical  4-cylinder, 
4-cycle  gas  engines  belted  to  the  compressor  units.  While  this  type 
of  machine  has  many  moving  parts  which  may  get  out  of  order,  and  a 
long  crank  shaft  with  its  bearing  to  watch  and  tighten,  it  is  giving 
complete  satisfaction  and  is  claimed  to  economize  fuel  and  give  an 
overload  capacity  of  25  per  cent. 

The  460-horsepower,  direct-connected,  4-cycle,  double-acting  ma- 
chines, although  recognized  as  standard  installations  in  gas-pumping 
plants  throughout  the  country,  have  a  number  of  disadvantages  as 
units  for  the  treatment  of  gas  for  gasoline  extraction.  A  machine  of 
this  size  should  be  installed  only  in  plants  that  draw  gas  from  areas 
large  enough  to  insure  a  supply  for  a  long  term  of  years,  and  are  of 
such  capacity  that  one  of  these  large  units  represents  only  a  small 
fraction  (10  to  20  per  cent)  of  the  total  plant  capacity,  otherwise 
shutting  down  one  unit  unbalances  the  entire  plant  and  materially 
reduces  the  output. 

7338^— IS— Bull.  151 6 
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Table  8. — Data  on  engines  and  compressors 


Plant 
No. 


1. 
2. 
3. 
4. 


8. 
0. 


10. 

11. 
12. 
14. 

16. 
17. 

10. 
20. 


21. 


22. 

23. 
24. 
26. 

27. 
28. 
29. 
30. 
31. 

32. 


33. 

34. 

37. 

38. 
50. 
51. 
62. 


Engine. 


DiivttQ  by^ 


Steam.. 
....do.. 
Gas.... 
....do.. 
Steam.. 
....do.. 


...do 

High  -  pres- 
sure gas.e 
fOas 


do 

High-pres- 
suregas.e 

Qas 

..do 

\High -pres- 
sure gas.  e 
rsteam 


— do , 

High -pres- 
sure gas.  e 

/Gas , 

\High- pres- 
sure gas.  e 

/Gas 

\H  igh- pres- 
sure gas.e 

/Gas 

\High- pres- 
sure gas.e 

/Gas 

\High- pres- 
sure gas.e 

/Gas 

\Hlgh- pres- 
sure gas.e 

fOas 


Bated 
horse- 
power. 


40 

no 

150 


450 
450 


Type.a 


nd. 


Cross  com 

Straight  line 

Strai^t-lfne,  tandem,  2-cycle 

Twin  cylinder 

Cross  compound  condensing. 

Tandem  compound  con- 
densing. 

do 

Cross  compound,  12  by  25 
by  30. 

Tandem,  4-cycle,  double- 
acting. 

do 

Cross  compound 


80 


High- pres- 
sure gas.  e 
Gas 


.do. 


I  •  •  •  ■uO«  ■  •  ■  ■  I 

\....do , 

— do , 

Electricity 
Gas 


do 

do 

do 

do 

do 

/ — do 

\High-priS. 
sure  gas.e 
jGas 

(Hig^-pres- 
8uregas.e 

Gas 

..do 

do.... 
do.... 
do.... 
do.... 
do.... 


{::: 


80 
60 

80 


110 


60 


150 


175 


165 

150 

Two  40 

Two  50 

35 

35 

60 

85-100 

100 

50 

70 

110 

165 


Tjrpe  V'll,  16  by  20 

Cross  compound,  12  by  18 

by  10. 
Cross  compound,  12  by  20 

by  12. 
Simole,  12  by  12 


Number  of  compressors 
used.  6 


2 

Direct 

2 

...  ..do..... .... 

1 

Bolted 

2 

...  ..do... ....... 

1 

Direct 

1 

do 

1 

1 

do 

do... 

2  low 

do. 

2hlgh 

....  .do. .......... 

do 

Type  Vn,  16  by  20. 
Simple,  12  by  12.... 


Tyne  VIT,  16  by  20 

Drilling  engine,  0  by  12. 


Twin 

Simple,  10  by  12. 


Type  VII,  13|  by  18. 
Simple,  10  by  12 


Twin  cylinder... 
Simple,  12  by  11. 


Vertical,  4-cylinder,  4-cycle.. 
Duplex  pump,  10  by  12  by  6. 
Vertical,  4-cylinder,  4-cycle.. 
....do 


2  high  and  2  low 

1 


2. 

1. 
1. 


Drive. 


6, 3  high  and  3  low . 


4, 2  high  and  2  low, 


3. 
1. 


2,1  high  and  How, 


}TypeVn 

Single  cylinder. 

Motor 

Type  VII 


/Eight  50 
\Two  80 


50 
70 
50 
50 
80 
110 
60 


Horizontal , 

....do 

Single  cylinder , 

....do , 

Twin 

....do 

Cross  compound,  12  by  19 
by  18. 

JTypeVII 

Cross  compound,  8^  by  12 
by  12. 


S 


pe  VII,  134  by  18. 
gle  cylinder. 


Type  VII.  13i  by  18 

Single-cylinder,  13^  by  18... . 

TypeVlII,16by20 

Twin-cylinder 


2. 
1. 

3. 

2. 

4. 

4. 


4, 2blghand21ow.... 

1 

2 

2 


2 

1 

1 

3 

2 

9,  4  running. 


10, 5  high  and  5  low , 
1 


.do. 
.do. 
.do. 

.do. 

.do. 
.do. 

.do. 
.do. 


do. 

Belted  to  pump. 


Belted. 
Direct. 


.do. 
.do. 


Belted, 
Direct. 


Belted. 


.do. 
.do. 


Direct. 

Belted 
....do. 
Direct. 


Belted 
....do. 
....do. 
....do. 
....do. 
....do. 
Direct. 


6,3highand31ow 

1 

2, 1  high  and  1  low . ., , 

6, 3  high  and  3  low 

— do 

1 


cyjir 
Type  VII,  13i  by  18 '  2, 1  high  and  1  low . 

a  Figures  show  size  of  cylinder  in  inches. 

h  In  this  column  "  low'^  refers  to  low  pressure,  "high"  to  high  pressure. 


.do. 
.do. 


do. 

Belted. 
Direct. 

do. 

do. 

Belted. 
Direct. 


MACHINES  USED  IN  C0HPSES8I0N  PLANTS. 


75 


tued  at  various  compression  plants. 


Campnssor. 


Ducilption. 


Size  of  cylinder  (Inches). 


Low-pressure 
cylinder. 


S 


.do. 
.do. 


do 

Single-stage     (dn- 
plex). 


...do. 


.do 

.do. 
.do. 

.do. 


d«tage,  tandem, 
.do. 

St 

Si 


|»«tagB 


.do. 
.do. 


»stafle 

— do 

Single-stage  (to  IfiO 
p^onds). 

3^tagD 

— do 

: do 

j do 

1 do 

.do 

Single -stage    (dur 


: 


ingle-stag 
plez). 

Single  stage 


S 


ingle -stage 
1    piex). 


(du- 


.do. 
(sta^stage. 


.do. 
.do. 


r** 


8ing|ft«tage. 


21  by  24.. 
12  by  16.. 
134  ^yH. 

16byl6.. 
20  by  24.. 
Uby24.. 


15  by  16. 
24bya0. 


31  by  38 

iSroiibylV.' 


14  by  20. 
16  by  10. 

20  by  12. 


14  by  12. 


Three  14  by  20. 
14  by  12 


Two  7 by  20... 


13  by  14. 
8  by  12.. 


11  by  18. 

12  by  12. 

16  by  16. 
20  by  11. 

16  by  16. 


16  by  16. 
16  by  16. 


11  by  15. 
14  by  10. 


121 

11 

1( 


by  14. 
by  14. 
by  12. 


14  by  14. 
16  by  16. 
18  by  18. 


/Eight  12  by  18. 

\Two  14  by  20 . 

14  by  12 


12  by  18. 
12  by  12.. 
10  by  18.. 

12  by  18. 
14  by  20.. 

13  by  14. 
12  by  18.. 


High-pressure 
cylmder. 


9iby24. 


64  by  14 
8  by  16. 
94Dy24 
7  by  34. 


7Jbyl6. 
12  by  30. 


15iby86. 


74  by  20. 
8  by  10. 

12  by  12. 

8  by  12.. 


7iby20 

Two  14  by  20. 


64  by  14. 
4  by  12.. 

Si  by  18. 


8  by  16. 
8  by  16. 


8  by  16. 
8  by  16. 


7  by  15.. 
7J  by  10. 


6  by  14.. 
6  by  14.. 
H  by  12. 


7  by  14. 

8  by  16. 


Rated 

speed 

(r.p.m.). 


62 
200 
160 
180 
125 
145 

115 
88 

125 

125 


20O 
100 


Varied. 


180 
145 

190 


170 
200 

180 


150 
78 

158 


150 


115 
120 
180 

180 
180 
180 
180 
180 
180 


Eight  6i  by  18. 
Two  7  by  20.. 


9  by  18.. 
6  by  12.. 
54  by  18. 

6  by  18.- 
7 by  20.. 
6  by  14.. 
6  by  18.. 


200 

100 
180 
180 
180 
180 
160 
180 


Remarks. 


Two  300-hp.  Sterling  and  four  150-hp. 
Erie  boilers  used. 


Used  as  low  and  intermediate  at  12 

pounds  and  80  pounds. 
Used  as  high  at  250  pounds. 
Used  as  air  compressor. 


Pumps  dry  gas  at  60  pounds. 


Engine  speed,  300  revolutions  per  min- 
ute. 
Water    discharge    throttled    to    100 

pounds. 
Drilling  engine,  10  by  12-inch  cylinder, 

used  as  expansion  engine. 
Engine  speea,  275  revolutions  per  min- 
I     ute. 

/Drilling  engine,  10)  bv  12-inch  cylin 
\    ders,  used  as  expansion  engine. 


Feather  valves  on  compressor. 


e  Expansion  engine  operated  by  expanding  high-pressure,  treated  gas  throng  it. 
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Engine. 


Plant 
No. 


53.. 


64., 


55. 

66. 
57. 
58. 
6». 

60. 

61. 
62. 

78. 
77. 

78. 

79. 
80. 


Driven  by— 


Gas... 

do. 

do. 

....do. 

do. 

....do. 
. . .  .do . 
....do. 
....do, 
....do. 
....do. 
....do. 


{ 


...do.... 

...do.... 

...do.... 

...do.... 
\Higli-pres- 

sore  gas.e 

/Gas 

\Hlsh-pre8- 

sore  ga8.« 
rOas 

!;;!do..'I 
Steam...., 


Rated  I 
horse-  i 
power. 


Type. 


•  80 

ft50 

80 

150 


} 


60 
160 
160 
50 
70 
70 
60 
60 

60 


60 
50 


TypeVn 

TypeVm 

Twin 

d^Under,  tandem, 

Type  Vn 

Twin-cylinder 

do 

TvpeVIII 

Single-cylinder 

do 

Type  VIII 

do 


.do. 


60 


60 


35 


Type  VIII 

Type  VIII,  13J  by  18. 
Ihiplez,  13}  by  18 

TypeVra 


Number  of  oompressors 
used. 


dOa. 

Pump,  10  by  6  by  12 

Single  cylinder 

Cross  compound,  Corliss,  16 
by  32  by  30. 


2,1  high  audi  low. 
.....do 


6, 3 high  and  3  low, 
2 


6, 3  high  and  3  low , 

3 

6 


4. 
1, 


1. 
2. 
2. 
1. 


Drive. 


Direct... 

do.. 

Belted. 

do. 

Direct.. 

Belted. 
do.. 

Direct.. 

Belted. 
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•  Ezpanskm  engine  operated  by  expanding  high-pressure,  treated  gas  through  it. 
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In  the  casing-head  gasoline  industry  the  gas  supply  from  a  given 
area  is  expected  to  decline  and  the  pressure  necessary  to  precipitate 
the  condensable  product  usually  becomes  lower  as  the  gas  becomes 
richer.  If  all  the  power  capacity  thus  relieved  from  duty  is  not  used 
to  increase  the  vacuums  held  on  the  lines,  it  is  obvious  that  to  remove 
one  unit  to  another  locality  would  be  desirable.  If  one  unit  repre- 
sented half  the  total  plant  capacity,  it  would  be  necessary  to  wait 
until  the  available  supply  of  gas  had  been  reduced  50  per  cent  before 
that  unit  could  be  transferred,  but  if  that  unit  represented  only  20 
per  cent  of  the  plant  capacity  it  could  be  removed  when  the  gas  had 
fallen  off  that  amount;  also  it  would  be  a  much  simpler  matter  to 
find  a  location  or  sale  for  a  machine  of  one-half  million  feet  capacity 
than  for  a  machine  requiring  from  three  to  four  million  feet  per  day. 
Another  argument  for  machines  of  smaller  capacity  is  the  size  and 
weight  of  parts  which  under  the  usual  transportation  conditions  in 
oil  fields  is  a  serious  problem  in  plant  construction. 

Both  direct-connected  (PI.  XV)  and  belted  units  are  being  installed 
in  compression  plants  using  the  usual  smaller  units.  However,  many 
operators  of  wide  experience  prefer  the  belted  drive,  claiming  that  it 
simplifies  repairs  and  renewals  and  gives  a  wider  choice  both  of  engine 
and  compressor.  The  belted  type  requires  larger  buildings,  because 
of  the  necessary  distance  between  pulley  centers,  which  the  writer 
found  to  vary  between  22  feet  for  vertical  engines  to  34  feet  for 
horizontal  types.  In  some  plants  two  buildings  are  used,  one  con- 
taining the  engines  and  the  other  the  compressors,  with  belt  galleries 
connecting  the  two.  This  is  done  as  a  precaution  against  fire  and 
explosions. 

TYPES  OF  MACHINES  TTSED  AS  EXPANSION  XTNITS. 

All  expansion  engines  used  in  compression  plants  are  machines 
originally  designed  to  use  steam  that  have  been  slightly  modified  to 
overcome  the  effects  of  the  low  temperatures  from  the  use  of  com- 
pressed gas  in  the  steam  or  power  cylinders.  Among  the  machines 
found  in  use  are  direct  driven  reciprocating  pumps,  drilling  engines, 
and  simple  and  cross  compound  compressors.  Of  these  the  recipro- 
cating pump  is  the  least  to  be  recommended.  The  valves  tend  to 
freeze  and  stick,  owing  to  the  general  design  and  slow  action,  and 
its  efficiency  as  a  power  unit  and  its  capacity  axe  low. 

Of  the  machines  used  as  expansion  engines  the  converted  steam 
engine  of  the  single  or  double  stage  (simple  or  compound)  type  is 
more  often  found  than  any  other  make.  On  these  engines,  remodeled 
for  the  expansion  of  high-pressure  gas,  the  valve  mechanism  has  been 
designed  especially  and  made  stronger  for  this  particular  service. 
The  exceedingly  low  temperatures  developed  in  the  cylinders  tend  to 
freeze  the  valves,  causing  excessive  strains  on  the  valve  stems  and 
rods,  and  also  make  lubrication  difficult. 
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Glycerin  has  universally  been  found  to  be  the  best  lubricant  for 
expansion  cylinders  and  was  in  general  use  until  the  recent  rise  in 
price,  and  the  difficulty  of  obtaining  a  reliable  supply  forced  plant 
operators  to  try  other  oils,  some  of  which  have  been  found  usable 
but  not  as  satisfactory  as  glycerin.  As  the  supply  of  that  lubricant 
increases  it  will  indoubtedly  again  be  generally  used. 

Other  types  of  steam  compressors  and,  in  several  plants,  drilling 
engines  belted  to  plimger  or  centrifugal  pumps,  are  in  use  as  expan- 
sion units,  and,  according  to  the  operators  using  them,  are  giving 
satisfaction  in  regard  to  both  capacity  and  temperatwes.  The  loads 
of  the  drilling  engines  were  varied  to  meet  the  conditions  of  pressure 
fuid  volume  of  gas  by  throttling  the  flow  of  water  from  the  pump, 
thus  giving  the  required  resistance  for  the  development  of  power  at 
normal  engine  speeds.  The  valve  mechanism  of  the  drilling  engines 
was  rebuilt  and  strengthened  to  meet  these  conditions. 

At  one  plant  where  a  drilling  engine  gave  much  trouble  from  freez- 
ing the  piston  rings  were  removed  and  the  piston  dressed  to  a  square 
edge.  The  piston  in  this  condition  shaved  the  ice  from  the  cylinder 
walls,  thus  preventing  sticking  or  freezing.  No  lubricant  was  used 
in  the  cylinder,  the  film  of  ice  or  frost  on  its  walls  acting  as  a  lubricant, 
and  leakage  past  the  piston  after  the  film  had  formed  was  very  small. 

At  plant  3  an  engine  of  this  type  that  has  a  9  by  12  inch  cylinder, 
making  90  revolutions  per  minute  with  one-fourth  cut-off,  takes 
gas  at  130  poimds,  gas  at  250  pounds  being  throttled  to  that  pressure, 
and  exhausts  it  at  10  pounds.  The  engine  is  belted  to  a  three-plunger 
pump  throttled  to  a  back  pressiu'e  of  160  pounds  in  order  to  increase 
the  load  on  the  engine.  The  water  pumped  is  used  in  the  cooling 
towers  and  in  the  engine  and  the  compressor  jackets. 

At  plant  16  the  expansion  engine,  accumulator  tanks,  and  storage 
tanks  are  all  housed  in  a  double-wall  insulated  building.  The 
advantage  claimed  is  that  the  condensate  is  held  at  a  low  temperature 
in  the  storage  and  other  tanks,  thus  preventing  loss  by  evaporation 
through  heating  before  blending.  The  condensate  precipitated  in 
the  coils  is  kept  from  sudden  and  extreme  rises  in  temperatiu*e,  as 
would  be  the  case  if  the  storage  tanks  were  not  cooled  or  shaded. 
The  temperature  in  the  building  and  of  the  condensate  in  storage  is 
thus  held  between  34''  and  50"*  F. 

Expanding  the  compressed,  treated  gas  in  engines  to  develop 
power  for  driving  compressors  or  pumps  is  not  an  economy,  because 
of  the  small  amoimt  of  actual  power  dehvered,  the  care  necessary, 
and  the  cost  of  upkeep  and  lubrication,  such  engines  being  used  only 
because  the  cooling  effect  the  expanded  gas  has  in  the  treatment  of 
high-pressure  gas  in  double-pipe  coils  or  heat  interchangers. 

In  simple  expansion  engines  such  as  pumps,  drilling  engines,  or 
single-expansion  compressors  the  compressed  gas  before  entering  the 
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power  cylinder  is  often  reduced  by  a  throttle  valve  from  the  ynaYirmim 
pressure  used  in  the  plant  to  pressures  varying  between  120  and  160 
pounds,  depending  upon  the  design  and  size  of  the  machine  and  the 
pressures  for  which  it  was  buUt  and  under  which  it  gives  the  best 
results. 

Cross-compound  machines  usually  take  the  gas  at  the  maximum 
plant  pressure  and  reduce  the  pressure  in  the  first  expansion  to  30 
to  60  pounds  (see  Table  5)  and  in  the  second  stage  to  between  5  and 
15  pounds.  Generally  the  gas  goes  from  the  first-stage  expansion 
cylinder  to  a  drip  or  small  accumulator  tank,  then  directly  to  the 
low-stage  cylinder.  In  plant  6  (see  Table  4,  p.  41),  4Jie  gas  from  the 
first-stage  expansion  is  led  through  a  set  of  double-pipe  coils  and 
heated  before  being  put  through  the  second  stage  of  expansion.  By 
this  system  both  the  power  developed  in  the  expansion  engine  and 
the  cooling  efficiency  of  the  expanded  gas  are  increased.,  also  the 
danger  of  freezing  in  the  expansion  cylinders  is  less. 

COMPRESSOBS. 

Direct-connected  compressor  units  are  usually  of  the  single-cylinder 
engine,  single-stage  type,  although  some  plants  in  the  eastern  and 
Mid-Oontinent  fields  are  using  direct-connected,  twin  2-stage  mar 
chines.  Of  the  direct-connected  compressors  the  single-stage  unit, 
found  more  often  than  any  other  make,  as  shown  in  Tables  8  and  9, 
has  the  engine  and  compressor  cylinders  opposed,  or  on  the  opposite 
sides  of  the  fly  wheels. 

The  sizes  and  types  of  compressors  used  in  the  various  plants 
visited  by  the  writer  are  shown  in  Table  8  (p.  74),  which  conveys  an 
idea  of  the  great  variety  of  compressors  and  drives  used  in  such 
plants. 

AXJXILIABY  MACHINES. 

In  all  natural-gas  gasoUne  plants  small  engines  are  needed  to 
circulate  water  in  jackets,  towers,  and  ponds,  to  produce  electricity 
for  Ught  and  pump  air  to  start  gas  engines.  The  number,  situation, 
and  type  and  size  of  these  imits  are  generally  matters  of  preference 
with  each  plant  operator  and  no  standard  has  been  followed. 

WATEB-dBCUXATINa  PT7MPS. 

Many  of  the  newest  plants  have  centrifugal  pmnps  belted  to  a  pulley 
on  the  engine,  which  circulate  the  water  used  in  both  engine  and  com- 
pressor cylinder  jackets;  other  plants  use  a  line  shaft  with  pulleys 
belted  to  the  engines  and  to  the  centrifugal  pumps.  In  many  fields 
the  water  is  heavily  charged  with  mineral  salts,  and  the  water  used  in 
the  cylinder  jackets  is  often  distilled  or  condensed  and  kept  separate 
from  that  used  in  cooling  the  gas  coils.  This  is  often  done  by  cooling 
the  condensed  water  in  a  separate  tower  or  by  passing  it  through  coils 
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in  the  main  gas-cooling  tower  that  are  cooled  with  spray  in  the  same 
way  that  the  gas  coils  are  cooled.  In  the  latter  method  the  condensed 
water  is  pumped  from  the  coils  in  the  tower  through  the  jackets 
and  back  to  the  coils  in  a  closed  circuit.  Where  a  separate  tower 
is  used  the  condensed  warm  water  is  sprayed  in  the  tower,  collected 
in  the  basin  beneath  the  tower,  and  circulated  by  pumps  through 
the  jackets,  and  returned  to  the  top  of  the  tower  to  repeat  the 
cooling  and  aeration.  .  In  this  method  the  loss  of  condensed  water  in 
the  tower  is  so  great  that  it  is  not  to  be  recommended  unless  the  con- 
densed water  is  easily  made  or  obtainable  from  a  boiler  plant.  The 
cooling  effect  gained  is  better,  and  the  installation  less  expensive,  if 
the  cost  of  condensed  water  is  not  an  object. 

For  circulating  the  water  used  to  cool  the  gas,  usually  centrifugal 
or  plunger  pumps  driven  by  small  (5  to  10  horsepower)  gas  engines, 
or  belted  to  a  line  shaft,  are  installed. 


Air  pumps  for  compressing  air  in  receivers  to  start  the  main  gas 
engines  are  generally  single-cylinder  pumps  or  compressors  belted  to 
gas  engines,  previously  mentioned,  or,  in  some  plants,  to  a  line  shaft 
driven  by  a  small  gas  engine.  The  receivers  are  built  to  stand  pres- 
sures up  to  250  poimds.  When  the  desired  pressing  is  built  up  in  the 
receiver,  the  air  pump  is  shut  down  until  the  pressure  is  relieved  by 
use  in  starting  the  main  gas  engines,  or  by  leakage,  when  the  pump 
is  again  operated  until  the  required  pressure  is  obtained. 

LXGHTma  EaXJIPMENT. 

The  necessity  of  using  strong,  reUable  inclosed  lights  around  com- 
pression machinery  and  the  danger  of  open  flames  in  plants  treating 
natural  gas  at  high  pressures  has  forced  operators  to  install  small 
dectric  generators  as  part  of  the  equipment  of  gasohne  plants. 

The  electric  plant  is  always  housed  in  a  building  separate  from  the 
compressors,  and  usually  in  the  building  with  the  air  and  water  pumps. 
The  unit  consists  of  a  gas  engine  belted  to  a  dynamo  of  a  size  and 
capacity  suitable  to  the  lighting  needs  of  the  plant,  and  is  operated 
oDly  at  night.  In  large  gas-pumping  stations  storage  batteries  are 
used  both  for  light  and  for  engine  ignition,  in  place  of  direct  con- 
nections.   

GASOLINE  PUMPS. 

Plants  situated  some  distance  from  the  shipping  point  or  blending 
station  often  require  pumps  to  force  the  gasoline  through  the  pipe 
lines  to  such  stations. 

The  product  is  often  blown  from  one  tank  to  another  by  turning 
high-pressure  gas  into  the  tank  containing  the  product,  but  where  the 
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distance  is  great  this  method  is  not  always  satisfactory,  and  pumps  of 
either  rotary  or  reciprocating  type  are  installed,  usually  being  oper- 
ated by  belt  connections  to  small  gas  engines.  It  is  claimed  for  the 
rotary  pumps  that  condensate  losses  are  smaller  than  from  the  use  of 
other  types,  because  the  agitation  is  less  and  the  flow  more  steady  and 
quiet  through  the  pump  and  into  the  lines. 

BLEITDIirO  AKD  SHIPPIKO  THE  COKDEITSATE. 

Although  blending  of  compression-plant  condensates  is  not  done 
primarily  for  the  purpose  of  making  a  product  that  will  meet  the 
specifications  required  by  transportation  laws  governing  the  ship- 
ment of  gasoline  by  rail  or  water,  blending  and  shipping  have  become 
such  important  functions,  one  of  the  other,  that  a  separate  discussion 
of  the  blending  process  and  the  transportation  of  the  blended  stock  is 
not  desirable. 

REASONS  FOB  BLENDING. 

When  the  condensate  produced  by  compression  is  allowed  to 
weather  imblended  until  its  vapor  tension  is  reduced  to  less  than  10 
pounds  at  100**  F.  and  its  temperature  rises  to  atmospheric,  losses 
ranging  up  to  75  per  cent  of  the  total  product  often  result,  whereas 
if  the  condensate  is  mixed  (blended)  with  heavier  straight  still-run 
refinery  distillates  the  losses  from  weathering  are  reduced,  usually  to 
one-half  that  amount,  and  often  more.  This  fact  has  led  condensate 
producers  to  take  advantage  of  blending  to  increase  the  volume  of  the 
product  actually  marketed,  thus  increasing  their  profits  and  also  the 
supply  of  marketable  motor  fuels  so  desirable  under  present  condi- 
tions. The  development  in  gasoline  motors  up  to  the  present  time 
has  not  reached  a  stage  that  would  make  the  heavier  still  distillates, 
such  as  are  used  for  blending,  a  convenient  or  economical  fuel  if  used 
as  made,  because  of  the  difficulty  in  starting  the  motor  with  such 
fuel  and  its  tendency  to  deposit  carbon  in  the  cylinders  and  on  the 
pistons  from  incomplete  combustion,  causing  ''engine  trouble." 

Condensate  produced  by  compression  is  also  an  undesirable  fuel  for 
gasoline  engines.  It  is  exceedingly  volatile,  which  causes  losses  in 
handling,  is  dangerous  because  fumes  are  easily  formed,  and  gives  less 
power  as  compared  with  equal  volumes  of  heavier  distillates,  a  larger 
number  of  gallons  being  required  to  develop  the  same  power.  It 
gives  a  quick,  sharp  explosion  in  a  motor  cylinder,  but  seems  to  lack 
''push"  after  the  explosion  has  taken  place.  In  the  above  qualities 
it  is  in  no  way  different  from  still-run  products  of  similar  gravity 
and  similar  end  points,  both  products  needing  additions  of  less 
volatile,  heavier,  and  more  powerful  fractions  in  order  to  form  the 
most  convenient  and  economical  motor  fuel. 

The  lighter  fractions  of  petroleum  distillates,  as  compared  with 
the  heavier  products,  have  a  lower  calorific  value  per  gallon  but  a 
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higher  calorific  valuo  per  po\md.  As  all  products  of  petroleum  are 
sold  in  the  United  States  by  volume  or  liquid  measure,  the  standards 
for  comparison  must  be  made  on  the  heat  xmits  per  volume  and  not 
per  weight. 

As  previously  stated,  another  important  factor  in  blending  is 
traDsportation.  The  Interstate  Commerce  Commission  rules  con- 
trolling shipments  of  petroleum  products  and  liquefied  natural  gas 
allow  transportation  of  petroleum  distillates  having  vapor  tensions  of 
l^s  than  10  pounds  per  square  inch  in  standard  tank  cars,  and  prod- 
ucts with  vapor  tensions  of  15  pounds  per  square  inch  in  specially 
buUt  insulated  tanks.  As  many  plants  produce  condensate  that  has  a 
vapor  tension  of  30  or  more  pounds  as  it  comes  from  the  accumu- 
lator tanks,  blending  and  weathering  are  both  resorted  to  by  most 
manufacturers  in  order  to  bring  the  product  within  shipping  rules, 
to  increase  the  quantity,  and  to  improve  the  quality  of  the  product. 

HABKETma  UKBIJBNDBD  CONDENSATE. 

A  small  quantity  of  natural-gas  gasoline  finds  its  way  to  consumers 
unblended.  It  is  sold  as  ''gas-machine  gasoline/'  a  product  with  a 
gravity  of  80*^  to  86**  B.,  used  to  make  gas  for  certain  domestic, 
commercial^  and  chemical  purposes,  and  as  ''export  gasoline,"  a 
product  with  a  gravity  of  74°  to  80°  B.  and  of  4  to  6  pounds  vapor 
tension,  which  is  usually  sold  in  containers  to  foreign  trade. 

The  great  bulk  of  condensate,  however,  is  blended  in  one  way  or 
another  before  it  reaches  the  consumer,  but  not  always  completely 
blended  at  the  plant  where  it  is  made,  or  by  the  producer. 

In  many  eastern  fields  the  condensate  is  held  in  storage  under 
pressure  until  a  given  quantity  is  ready  for  shipment,  when  it  is 
forced  by  gas  pressure  or  piunps  through  small  (2-inch)  pipe  lines  to 
the  tanks  of  firms  making  a  specialty  of  blending  and  marketing 
motor  fuels,  and  having  blending  stations  centrally  situated  among 
the  compression  plants  from  which  they  receive  condensate.  Prod- 
ucts having  a  gravity  as  high  as  84°  B.  are  shipped  in  this  way  to 
blending  companies. 

SHIPPINO  BY   AUTO  TRUCK. 

Another  method  of  shipment,  used  mostly  in  California  and 
northern  Pennsylvania,  is  by  tanks  mounted  on  auto  truck.  Two 
plants  shipping  condensate  of  80°  to  83°  B.  gravity  in  this  way  are 
situated  30  miles  from  the  blending  stations  of  the  buying  companies. 
These  are  unusual  examples,  but  a  nimiber  of  plants  ship  their  prod- 
uct 6  to  10  miles  in  tanks  of  this  character.  Generally  the  tank  is 
kept  under  a  pressure  of  10  to  20  pounds  in  order  to  reduce  losses 
of  the  light  condensates  from  agitation  and  heating  during  trans- 
portation. 
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TRANSPORTING  CONDENSATE   IN   CRUDE  OIL. 

Certain  large  producing  and  refining  companies  in  California  which 
buy  or  produce  casing-head  gasoline  gage  the  product  in  the  storage 
tanks  at  the  compression  plants  for  settlement,  and  have  the  con- 
densate pumped  directly  into  their  crude  oil  storage  or  pipe  lines 
leading  to  their  refineries.  They  not  only  recover  the  gasoline  when 
the  crude  oil  is  refined,  but  take  advantage  of  the  fact  that  the  con- 
densate ''cuts"  the  crude,  making  it  flow  through  the  lines  more 
easily.  The  extremely  light  fractions  that  are  thus  injected  into 
the  crude  oil,  and  will  not  condense  in  the  usual  refinery  condenser 
boxes,  can  be  and  are  in  many  refineries  compressed  and  cooled  as 
in  compression  plants.  This  product  is  immediately  blended  at  the 
refinery  and  thus  held  and  sold. 

As  previously  mentioned,  a  company  in  the  Mid-Continent  field 
produces  only  such  condensates  as  can  be  shipped  in  tank  cars. 
This  is  done  by  regulating  the  pressures  and  the  temperatures  used 
in  the  compression  plant,  so  that  only  such  condensate  as  can  be 
shipped  unblended  will  be  precipitated. 

A  plant  in  California  and  some  plants  in  other  fields  reduce  the 
unblended  condensate  to  conform  with  the  shipping  rules  by  weather- 
ing, because  of  the  cost  of  shipping  in  blending  naphtha.  The  con- 
densate is  exposed  in  storage  tanks  to  atmospheric  temperature  and 
pressure  until  the  vapor  tension  is  reduced  to  the  desired  point,  and 
then  shipped  in  insulated  cars.  At  times  warming  with  steam  is 
resorted  to  if  the  atmospheric  conditions  do  not  bring  about  the 
proper  results.  The  use  of  steam  is  not  to  be  recommended,  however, 
except  when  absolutely  necessary,  because  of  the  loss  of  some  of  the 
heavier  fractions  with  the  lighter  ones. 

METHODS  OF  BLENDING. 

Blending  condensate  with  the  various  distillates  used  for  that  par- 
pose,  as  practiced  at  present,  is  done  at  times  in  stages,  and  at  many 
different  points  in  the  precipitation,  storage,  or  transportation  of  the 
product. 

The  product  of  plants  that  ship  their  condensate  without  being 
blended  usually  goes  to  refineries  or  blendii^  stations  belonging  to 
purchasers  of  this  type  of  product,  who  blend  the  condensate  before 
sending  it  to  the  retail  markets.  One  blending  company  in  West 
Virginia  buys  condensate,  pumps  it  to  the  plant  in  pipe  lines,  stores  it 
in  closed  tanks  until  needed,  then  blends  it  with  naphtha  in  the  fol- 
lowing manner: 

A  tank  car  of  naphtha  is  one-half  unloaded,  usually  into  an  empty 
tank  car,  and  then  condensate  is  slowly  pumped  in  through  a  valve 
in  the  bottom  imtil  the  tank  is  filled.    The  condensate  rises  through 
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the  naphtha  and  slightly  agitates  it,  and  in  this  way  becomes  absorbed 
and  blended  with  the  naphtha.  At  times  the  operation  is  reversed, 
a  tank  car  being  half  filled  with  condensate  and  the  naphtha  pumped 
in  from  above.  No  further  treatment  is  used,  the  car  being  shipped 
as  soon  as  filled.  The  agitation  during  shipment  tends  to  complete 
bl^iding  if  such  is  necessary. 

Blending  practice  at  some  refineries  and  casing-head  gasoline  plants 
is  practically  the  same  as  described  above  except  that  stationary  tanks 
are  used  in  place  of  tanks  on  cars.  At  other  blending  plants  a  pump 
is  used  in  blending,  its  suction  being  connected  with  two  tanks,  one 
of  blending  stock  and  the  other  of  condensate.  The  flow  of  each  is 
regulated  in  the  pipe  line  by  valves,  the  dischai^e  of  the  ptunp  going 
to  a  storage  tank.  From  time  to  time  the  mixture  in  the  storage 
tank  is  tested  for  gravity,  if  the  blend  is  too  light  or  too  heavy  the 
flow  of  either  naphtha  or  condensate  is  adjusted  to  give  the  desired 
mixture. 

At  some  plants  methods  of  blending  are  more  complicated.  The 
procedure  used  by  one  company  receiving  its  condensate  by  auto 
truck  is  as  follows:  A  given  quantity  of  California  distillate  with  a 
gravity  of  53^  to  55^  B.  is  placed  in  a  cone-bottom  blending  tank, 
where  it  is  washed  with  acid  solution,  caustic  solution,  and  water; 
after  this  treatment  condensate  with  a  gravity  of  72^  to  82^  B.  is 
forced  into  the  tank  from  the  bottom.  Air  is  then  blown  through  the 
mixture  to  agitate  it  and  remove  the  lightest  fractions  of  condensate 
and  dissolved  gases.  The  mixture  is  tested  for  specific  gravity, 
after  which  enough  still-run  California  gasoline  with  a  gravity  of 
58**  B.  is  added  to  bring  the  whole  to  a  gravity  of  60°  B.  The  blended 
gasoline  produced  by  the  above  method  and  ingredients  is  sweet, 
water  white,  and  has  the  following  characteristics:  5.9  per  cent 
distills  over  up  to  140**  F.,  the  distillate  having  a  gravity  of  79.9**  B.; 
70  per  cent  distills  over  up  to  246**  F. ;  and  30  per  cent  distills  over 
between  246°  and  344**  F. 

Distilling  this  blended  product  in  5  per  cent  cuts  shows  it  to  be  an 
exceptionally  good  motor  fuel  with  none  of  the  usual  fractions 
missing. 

While  holding  condensate  in  storage  some  blending  companies  and 
refineries,  as  well  as  compression-plant  operators,  keep  the  tanks  con- 
taining such  stock  under  pressure  and  often  the  tanks  are  insulated  or 
housed  and  shaded  in  order  to  reduce  evaporation  by  the  sun  and 
the  atmosphere,  one  company  having  gone  to  the  expense  of  building 
a  louver  tower  over  the  tanks  and  keeping  small  sprays  of  water 
constantly  covering  them.  The  tanks,  which  are  held  imder  pres- 
sures of  10  to  20  poimds,  are  set  in  a  concrete  or  wooden  basin.  The 
water  collects  in  this  basin,  thence  it  is  again  circulated  over  the  tanks 
by  pumps.     No  outside  cooling  of  the  water  is  resorted  to,  the 
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evaporation  from  falling  through  the  tower  and  over  the  tanks  being 
sufficient  to  keep  the  water  at  a  temperature  considerably  below  that 
of  the  atmosphere,  also  any  volatilization  of  the  condensate  itself 
tends  to  cool  the  liquid. 

Where  blending  is  done  by  refining  or  blending  companies,  as 
has  been  described,  the  operation  is  complete  and  the  blended  product 
is  ready  for  market.  The  blended  gasoline  made  in  the  Eastern 
fields  has  a  gravity  of  between  65^  and  70^  B.,  and  that  made  in 
California  between  58**  and  63**  B.  The  difference  in  gravity  is  due 
to  differences  in  the  character  of  the  crude  oils  from  which  the  con- 
densate and  the  blending  stocks  were  made;  this  variation  is  dis- 
cussed in  later  paragraphs.  The  blending  is  usually  done  so  as  to 
bring  the  product  to  a  given  gravity  by  the  mixture  of  the  two 
ingredients,  whereas  the  final  end  point  is  determined  by,  and  is 
the  same,  as  the  end  point  of  the  naphtha  used.  Although  the 
proportions  vary  \mder  these  conditions,  the  proportions  to  be  mixed 
to  make  a  product  of  a  given  gravity  can  be  approximately  calcu- 
lated from  the  gravity  and  the  end  points  of  the  two  liquids. 

The  methods  of  disposal  of  condensate  mentioned  are  found  mostly 
in  California  and  some  eastern  districts;  with  few  exceptions  the 
practice  in  the  Mid-Continent  field  is  to  blend  either  at  the  compres- 
sion plant  or  at  the  loading  station  operated  in  conjunction  with  the 
plant. 

BLENDING  BY  PLANT  OPERATORS. 

When  the  blending  is  done  by  the  operator  of  the  compression 
plant,  one  of  the  following  methods  is  generally  adopted:  (1)  Blend- 
ing all  of  the  condensate  at  the  blending  station  or  loading  racks: 
(2)  blending  to  a  given  stage  at  the  plant,  and  transferring  the 
partly  blended  product  to  the  loading:  racks  and  either  finishing  the 
blen^  there  or  shipping  it  to  8o2e  point  at  which  napSa  i. 
cheaper  or  more  readily  obtained;  and  (3)  completing  the  entire 
operation  at  the  plant. 

BLBNDINO  AT  THE  LOADING  RACKS. 

Many  of  the  companies  controlling  two  or  more  compression 
plants,  situated  in  the  same  field  and  tributary  to  the  same  shipping 
point  on  a  railroad,  have  adopted  the  method  of  blending  the  products 
from  all  their  plants  at  a  central  station.  A  centrally  situated  loading 
station  with  racks  and  tanks  (see  Plate  XII,  A,  p.  52),  is  necessary  in 
any  event  for  storing  and  loading  the  plant  products  and  unloading 
and  storing  the  blending  stocks,  so  that  the  stations  can  be  also 
fitted  for  blending  practically  without  additional  cost  of  labor  and 
small  increases  in  tankage. 

In  stations  used  in  this  way,  the  usual  equipment  consists  of  tanks 
of  any  desired  capacity  for  the  storage  of  naphtha,  other  tanks  for 
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the  storage  of  condensate,  and  tanks  for  the  blended  stock  and  from 
which  the  marketable  product  is  transferred  to  tank  cars  for  ship- 
ment. 

The  plant  condensate  is  pumped  or  forced  by  its  own  pressure 
through  small  pipe  lines  into  the  condensate  storage  tanks,  and  the 
naphtha  from  tank  cars  is  pumped  into  the  naphtha  tanks.  From 
the  naphtha  storage  tank  a  given  quantity  of  naphtha  is  first  pumped 
into  the  blending  tank,  then  condensate  is  forced  into  the  blending 
tank  at  the  bottom,  being  allowed  to  rise  through  and  be  thoroughly 
absorbed  by  the  heavier  naphtha.  When  the  predetermined  quantity 
of  each  stock  has  been  mixed  in  the  blending  tank,  samples  are 
tested  for  gravity,  and  if  any  change  in  gravity  is  desired  more  of 
the  heavy  or  light  stock  is  added,  as  the  tests  indicate  to  be  neces- 
sary. The  blended  gasoline  is  next  tested  for  vapor  tension,  and,  if 
if  it  found  to  be  too  high  for  shipment  in  the  cars  used  (standard  or 
insulated  tanks),  the  tank  is  allowed  to  stand  open  to  the  atmosphere 
for  several  hours,  or  even  days,  if  necessary.  In  some  plants  it 
has  been  found  necessary  to  heat  the  blended  products  to  80°  to  90° 
F.  with  ste^m,  in  order  to  reduce  the  vapor  tension  to  the  required 
point  in  a  limited  time,  so  that  the  blending  could  continue  without 
the  installation  of  an  excessive  amount  of  tankage.  Heating  with 
steam  should  not  be  resorted  to  if  avoidable,  as  a  quick  rise  in  tempera- 
ture drives  the  lighter  condensates  off  rapidly,  carrying  with  them 
portions  of  the  heavier  and  less  volatile  fractions.  When  the  specific 
gravity  and  the  vapor  tension  have  been  brought  to  a  point  within 
the  regulations  governing  shipments  of  gasohne,  the  contents  of  the 
blending  tank  are  either  drawn  off  into  cars  for  immediate  shipment 
or  pumped  into  a  storage  tank. 

The  blending  method  used  at  the  majority  of  such  stations  usually 
consists  merely  of  mixing  calculated  quantities  of  the  different 
stocks  to  be  disposed  of  and  reducing  the  vapor  tension  of  the  mix- 
ture by  open  contact  with  the  air  or  by  slight  warming  with  steam 
coils,  placed  in  the  blending  tank. 

The  advantages  of  blending  at  loading  and  storage  stations  are 
that  the  productions  of  a  number  of  plants  can  be  handled,  close 
connection  with  railroad  service,  and  the  low  cost  of  handling  both 
the  naphtha  and  the  blended  stock.  At  times  the  tank  cars  are 
used  as  blending  tanks,  as  described  in  a  previous  paragraph. 

EABTIAL  BLENDING  AT  PLANT. 

Some  operators,  because  of  the  plant  being  in  a  place  where  it  is 
dijficult  or  costs  too  much  to  bring  in  large  quantities  of  naphtha, 
or,  more  often,  because  the  company  controls  a  refinery  and  desires 
to  refine  the  gasoline  by  further  treatment,  such  as  distiQing,  have 
adopted  the  practice  of  blending  only  so  far  as  is  necessary  for  ship- 
ment at  the  compression  plant  or  blending  station,  the  final  blending 
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and  treatment  being  given  at  the  refineries  or  points  where  the 
desired  quantities  and  qualities  of  distillates  may  more  readily  be 
obtained.  Some  operators  blend  partly  at  the  plants  and  finish  the 
operation  at  the  blending  station  or  loading  racks  as  described 
above;  thus  saving  the  costs  of  handling,  of  pipe  line,  and  of  the 
pumping  capacity  necessary  to  transfer  all  of  the  heavy  blending 
stock  to  the  plant  and  back  to  the  loading  station. 

When  the  blending  is  completed  at  the  blending  station,  it  is  done 
in  the  way  described,  except  that  smaller  proportions  of  heavy  naphtha 
are  added,  because  some  heavy  naphtha  has  been  previously  added 
to  the  condensate  at  the  plant. 

PLANT  BLENDING  METHODS. 

Plants  at  which  blending  is  entirely  or  partly  completed  have 
developed  methods  and  practices  quite  different  from  the  usual  way 
of  mixing  the  two  constituents  in  a  blending  tank.  Many  plants  still 
blend  the  condensate  and  the  naphtha  in  storage  or  blending  tanks, 
using  the  methods  previously  described  above,  but  a  tendency  has 
developed  for  blending  at  much  earher  stages  of  the  process. 
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The  first  step  in  this  development  was  when  certain  operators 
pumped  blending  naphtha  into  the  tanks  known  as  ^'  make  tanks  "  (see 
PI.  IV,  Gy  p.  26,  and  XII,  0,  p.  62),  which  receive  the  condensate  from 
the  accumulator  tanks,  and  in  which  the  total  make  of  one  day  or  shift 
was  measured  before  being  transferred  to  storage.  The  method  as 
now  used  is  to  pump  naphtha  into  the  tank  at  such  a  rate  that  the 
percentage  in  the  mixture  would  be  somewhat  below  that  desired 
in  the  final  blend,  or  to  place  a  given  quantity  of  naphtha  in  the 
make  tank  and  discharge  condensate  from  the  accumulators  into  the 
naphtha.  In  transferring  condensate  from  the  accumulator  tank 
to  the  make  tank,  the  sudden  release  of  pressure  causes  violent 
weathering  or  boihng,  owing  to  the  high  vapor  tension.  By  adding 
heavier  blending  stocks  at  this  point  the  vapor  tension  is  lowered, 
with  consequent  lessening  of  losses  from  the  light  condensate  and 
dissolved  gas  weathering  rapidly  and  carrying  off  with  them  part  of 
the  heavier  fractions. 

The  product  of  this  blend  is  gaged  in  the  make  tank,  the  quantity 
of  naphtha  deducted,  and  the  actual  plant  production  calculated. 
At  the  end  of  each  day  or  shift  the  mixture  is  transferred  to  storage 
tanks  and  the  blend  completed  or  shipped  to  another  point  for 
blending  as  described  above. 

BLENDING  IN  ACGUXmiATOB  TANKB. 

Blending  in  accumulator  tanks,  as  found  in  practice  by  the  writer, 
consists  of  pumping  naphtha  slowly  and  continually  into  the  tanks, 
connected  with  the  high-pressure  coils,  at  a  pressure  a  few  pounds  in 
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excess  of  that  at  which  the  gas  is  being  treated.  The  naphtha  is 
injected  into  the  tank  through  small  (i-inch)  pipes  at  a  point  near 
the  top  and  through  fittings  which  cause  a  spray,  the  theory  being 
that  the  spray  will  collect  fine  particles  of  condensate  in  falling 
through  the  gas  and  reduce  the  gravity  and  the  vapor  tension  of  the 
product  before  it  is  released  from  the  high  pressure  at  which  it  is 
precipitated  and  thus  reduce  losses  of  condensate. 

Operators  using  this  method  claim  it  produces  a  marked  increase 
in  plant  production,  one  in  particular  claiming  a  net  increase  of  10 
per  cent.  The  mixture  is  drained  from  the  accumulator  tank  as  in 
other  practice,  either  automatically  or  by  hand,  as  the  custom  of  the 
plant  may  be,  the  quantities  being  figured  as  previously  described 
to  determine  the  plant  production. 

HOT  BLENDINQ. 

When  naphtha  is  injected  into  the  high-pressure  gas  while  it  is 
in  the  coils,  or  before  it  has  reached  the  coils,  and  is  still  hot  from 
compression,  the  method  is  called  ''hot  blending." 

This  method  has  been  adopted  at  some  plants  where  the  gas  treated 
contains  large  proportions  of  the  exceedingly  Ught  fractions  and  the 
condensate  had  shown  extreme  losses  in  storage  and  during  weather- 
ing and  blending  by  other  methods.  A  Pennsylvania  operator  pro- 
ducing condensate  with  a  gravity  of  92*^  to  95°  B.  claims  a  net  gain 
of  15  per  cent  in  marketed  condensate  from  the  use  of  this  method, 
and  one  in  Oklahoma,  approximately  30  per  cent. 

Hot  blending  has  been  tried  out  at  two  California  plants,  in  different 
fields,  to  the  writer's  knowledge  and  no  advantage  gained.  The 
plants  produce  condensate  with  a  gravity  of  82°  to  86°  B.,  using 
pressures  between  200  and  250  pounds. 

One  eastern  plant,  which  compressed  the  gas  to  300  pounds  pres- 
sure, injects  naphtha  through  a  needle  valve  placed  in  the  high- 
pressure  water-cooled  coil  header  at  the  intake  (hot)  end  of  the  coil.. 
The  naphtha  is  pumped  through  the  valve  at  a  pressure  of  400 
pounds  per  square  inch,  which  causes  it  to  spray  or  atomize  in  the 
header  and  intimately  mix  with  the  hot  gas  as  the  gas  divides  into 
the  coil  pipes  leading  out  of  the  header.  The  first  few  (10  to  15) 
feet  of  this  coil  is  kept  dry  to  permit  the  hot  gas  to  vaporize  as  much 
of  the  naphtha  as  possible  before  the  gas  and  the  naphtha  are  cooled 
by  the  water  sprayed  over  the  rest  of  the  coil. 

What  happens  to  the  injected  naphtha  is  not  definitely  known, 
but  it  appears  that  the  naphtha  is  divided  iato  three  parts.  One 
part  is  volatilized  by  the  heat  of  the  high-pressure  gas  (190°  F.  on 
the  day  of  the  writer's  visit),  carried  with  the  gas  into  the  water- 
cooled  coils,  and  again  condensed,  thence  it  is  carried  to  the  accumu- 
lator tank  with  other  condensate.  A  second  part  of  the  atomized 
naphtha  is  probably  carried  mechanically  into  the  upper  pipes  of 
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the  coil  by  the  flow  of  gas,  where  it  settles  out,  owing  to  the  slower 
rate  of  flow,  and  carries  with  it  other  condensable  vapors.  Tlie  third 
part,  whicli  is  neither  vaporized  nor  carried  mechanically  into  the 
upper  members  of  the  coil,  goes  to  the  bottom  of  the  header  and  flows 
with  the  gas  through  the  bottom  pipe  and  blends  with  the  conden- 
sate and  naphtha  in  the  dischai^e  header,  while  still  under  maximimi 
pressure.  The  mixture  then  flows  to  the  accumulator  tank  and  thence 
is  trapped  into  storage  tanks. 

The  quantity  of  naphtha  injected  into  the  header  is  calculated  to 
be  somewhat  less  than  is  needed  to  bring  the  mixture  to  the  gravity 
desired,  the  balance  being  added,  in  this  plant,  to  the  partly  blended 
stock  in  the  make  tank,  which  is  also  held  imder  pressure.  Another 
feature  of  the  practice  at  this  plant  is  that  the  pressure  on  the  blended 
stock  is  reduced  slowly  to  avoid  violent  boiling  or  weathering.  This 
is  accomplished  by  holding  a  pressure  of  50  or  60  pounds  on  the 
make  tank  while  the  output  of  the  plant  is  being  transferred  to  it 
during  a  day  or  shift.  At  the  end  of  that  period  another  tank  is 
put  into  service  and  the  pressure  on  the  tank  containing  the  day's 
"make"  is  slowly  relieved,  while  the  stock  gradually  acquires  approxi- 
mately the  temperature  of  the  atmosphere.  At  this  point  the  blend 
is  transferred  to  storage  tanks  or  placed  in  tank  cars  for  shipment. 
For  each  100  gallons  of  condensate  produced  77  gallons  of  naphtha 
is  pmnped  into  the  coils,  which  lowers  the  gravity  of  the  condensate 
from  90''  to  96°  B.  to  between  70°  and  76°  B.;  later,  in  the  "make" 
tank,  enough  eastern  naphtha,  with  a  gravity  of  58°  to  60°  B.,  or 
California  distillate,  with  a  gravity  of  48°  B.,  is  added  to  form  a  blend 
of  the  desired  quality. 

At  another  plant  a  practice  similar  to  the  one  just  described  was 
adopted,  except  that  the  naphtha  was  injected  into  the  hot-gas  line 
at  a  point  just  beyond  the  oil  separator  and  40  or  50  feet  ahead  of 
the  coils,  the  naphtha  thus  traveling  with  the  gas  through  the  coils 
and  on  to  the  accumulator  tanks.  This  plant,  although  making  9 
gallons  of  condensate  per  thousand  feet  of  gas  treated,  as  measured 
in  the  accumulator  tanks,  had  by  the  old  method  of  blending  been 
able  to  market  only  2.5  gallons.  By  the  adoption  of  hot  blending 
it  was  able  to  market  3.7  gallons  from  each  thousand  feet  of  gas 
treated.  The  loss,  however,  is  still  extremely  high,  and  it  is  probable 
that  an  entire  readjustment  of  pressures  and  temperatures  through- 
out the  plant  would  show  better  returns  and  smaller  losses. 

POSSIBLE  IMPROVEMENTS  IN   BLENDING  METHODS. 

No  set  of  rules  can  be  given  or  standard  methods  of  blending 
described  that  would  even  approxunately  cover  all  conditions,  but 
there  are  methods  and  practices  that  if  adopted  by  mdividual  plants 
would  have  marked  advantages  and  show  a  decided  saving  of 
condensate. 
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The  problems  of  each  plant  must  necessarily  be  taken  up  sepa- 
rately and  a  study  made  of  the  properties  and  characteristics  of  the 
condensate  formed,  such  as  the  gravity,  the  vapor  tension,  and 
the  proportions  of  the  different  *'cuts'^  and  the  hydrocarbons 
they  contain.  That  these  vary  widely  is  shown  by  the  different 
pressures  and  temperatures  necessary  to  precipitate  the  condensates, 
also  by  the  vapor  tensions  or  wildness  of  different  plant  products. 
The  point  at  which  blending  is  done  should  be  given  attention,  to 
find  whether  the  best  results  are  obtained  by  blending  in  storage 
tanks,  in  make  tanks,  in  accumulator  tanks,  or  in  coils,  also  the 
effects  of  release  of  pressm^e  and  rise  in  temperature  should  be  studied 
to  find  whether  sudden  lowering  of  pressure  and  rise  in  temperatm-e 
do^  not  cause  undue  losses.  Blended  products  are  at  many  plants 
placed  in  storage  tanks  which  are  not  protected  from  the  sun  and  a 
quick  rise  in  temperatm-e  is  to  be  expected.  The  color  an  exposed 
tank  is  painted,  has  a  direct  bearing  on  the  amount  of  heat  absorbed 
from  the  sun's  rays  and  taken  up  by  the  contents.  Releasing  the 
pressure  on  the  condensate  slowly,  or  holding  it  under  a  low  pressm-e 
and  storing  it  in  insulated  tanks  has,  at  a  number  of  plants,  been 
found  to  decrease  losses. 

Refining  companies  have  found  that  storing  the  Ughter  distillates 
in  tanks  with  the  water-sealed  top,  painted  glossy  white,  show  re- 
duced losses  well  worth  the  expense  of  construction  and  operation  of 
this  system  of  storage. 

LOSSES  OF  CONDENSATE  IX  WEATHEBING  AND  SHIPPINa. 

Plant  operators,  in  reporting  losses  of  condensate,  often  use  as  a 
basis  the  total  amount  of  condensate  collected  and  measured  in  the 
accmnulator  tanks  before  blending,  and  while  still  under  pressure, 
which  is  obviously  the  wrong  place  to  make  such  an  estimate,  because 
such  measurement  is  taken  during  treatment  and  not  at  the  final 
stage  of  production.  The  condensate  in  the  accumulator  tank, 
because  of  the  temperature  and  pressm^e,  contains  some  dissolved 
gas  and  fractions  of  the  hydrocarbon  group  which  it  is  impossible  to 
hold  under  normal  atmospheric  conditions,  and  which  should  not  be 
counted  as  loss  when  computing  the  plant  production. 

The  writer,  in  order  to  form  an  accurate  idea  of  the  losses  at  dif- 
ferent plants,  and  as  far  as  possible  to  use  the  same  basis  in  estimat- 
ing these  losses,  has  obtained  from  the  plants  listed  the  quantity  of 
condensate  actually  stored  in  tanks,  either  blended  or  unblended  as 
the  practice  indicated.  With  this  quantity  as  a  basis  estimates  of 
the  losses  in  further  operations,  such  as  weathering,  pumping  to  load- 
ing stations,  loading  in  cars  and  shipping,  are  computed. 

In  Table  2  (p.  29),  the  column  headed  "Daily  production,  gallons," 
represents  the  number  of  gallons  that  were  actually  marketed  by  the 
different  plants  listed,  as  nearly  as  these  figures  could  be  arrived  at, 
and  is  net  production  after  all  losses  are  deducted. 
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CALIFORNIA   PRACTICE. 

California  plants,  in  general,  trap  or  blow  the  product  of  the  accu- 
mulator tanks  directly  into  storage  tanks  without  blending  and  meas- 
ure the  make  in  the  storage  tanks.  As  these  tanks  are  seldom  held 
imder  pressures  greater  than  5  to  15  pounds,  weathering  goes  on  con- 
tinually and  causes  an  unknown  loss,  only  the  weathered  product 
being  measured. 

At  plants  where  the  raw  condensate  is  pumped  from  the  storage 
tanks  into  the  crude  oil  storage  tanks  of  purchasing  companies, 
under  this  method  of  calculating  losses  the  results  show  no  loss  ex- 
cept that  due  to  weathering  while  the  condensate  is  being  held  in 
plant  storage,  the  product  being  sold  on  the  gage  readings  taken  in 
the  storage  tank  at  the  compression  plant. 

C!ompanies  shipping  raw  condensate  in  automobile  trucks  distances 
of  2  to  40  miles  report  losses  in  loading,  transportation,  and  unload- 
ing of  2  to  7  per  cent.  Those  delivering  their  product  through  pipe 
lines  1  to  40  miles  long  report  losses  of  1  to  6  per  cent,  depend'mg  on 
the  length  of  the  lines,  the  amount  of  leakage  from  them,  and  the 
pressure  necessary  to  force  the  liquid  through. 

EASTERN   PRACTICE. 

Many  plants  in  the  eastern  fields  ship  raw  condensate  by  pipe  line 
and  trucks,  as  in  California  practice,  with  losses  the  same  or  slightly 
greater  in  amount  than  those  quoted,  owing  to  the  raw  products 
having  higher  gravities  and  vapor  tensions.  One  large  oil  company 
has  recently  laid  pipe  lines  to  a  number  of  the  fields  in  northern  and 
western  Pennsylvania  for  the  purpose  of  collecting  the  raw  condensate 
produced  in  those  fields  and  which  was  formerly  hauled  to  market  in 
trucks.  Well-constructed  pipe  lines  will  imdoubtedly  minimize  losses 
from  handling  condensate  produced  in  this  district. 

OKLAHOMA   PRACTICE. 

Casing-head  gasoline  producers  in  Oklahoma  estimate  the  total 
loss  as  varying  between  10  and  40  per  cent.  The  losses  during 
weathering  of  the  blended  product  run  from  10  to  20  per  cent,  de- 
pending on  the  gravity  of  the  raw  product  and  the  vapor  tension  of 
the  blend.  Often  heating  with  steam  is  necessary,  before  loading  the 
condensate  into  tank  cars,  to  bring  the  vapor  tension  within  the 
limits  required  by  the  railroad  shipping  rules,  especially  in  cold  weather, 
when  weathering  will  not  bring  the  blended  stock  to  the  desired 
condition. 

The  loss  in  this  field  due  to  transferring  the  product  from  the  plant 
storage  tanks  to  loading  or  blending  stations  varies  from  2  to  7  per 
cent,  and  in  loading  from  a  rack  to  cars,  between  1  and  5  per  cent. 
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The  loss  during  shipment  in  standard  tank  cars  is  variously  given  as 
being  between  2  and  10  per  cent;  with  an  average  of  approximately 
6  per  cent,  the  loss  depending  much  on  the  distance  and  length  of 
time  used  in  haulage,  the  atmospheric  temperatures  encountered,  and 
the  condition  of  the  tank  used  for  shipment. 

The  so-called  thermos  cars,  an  insulated  tank  car,  have  given  very 
satisfactory  returns  on  their  cost  to  certain  producers  using  them, 
who  report  a  maximum  outage  (loss  in  transit)  of  2^  per  cont  when 
used  for  long  shipments  in  hot  weather,  and  report  instances  of  no 
outage  on  short  hauls  in  moderate,  rainy,  or  cold  weather.  The 
railroad  rules  governing  shipments  in  insulated  cars  are  more  in  favor 
of  the  shipper  in  regard  to  vapor  pressures,  allowing  15  pounds  as 
the  maximum  in  place  of  10  pounds  as  in  standard  cars. 

The  losses  in  blending  and  shipping  in  the  Mid-Continent  field  may 
be  generalized  as  follows: 

Per  cent. 
Weathering 5to20 

TraDsferring  to  loading  station 2  to   7 

Loading  in  car  tanks 1  to   5 

Shipping  in  standard  cars 2  to  10 

Total  losses 10  to  42 

Plants  treating  gas  that  contains  large  proportions  of  the  lighter 
fractions  and  using  pressures  and  temperatures  that  will  precipitate 
these  fractions  produce  the  '^  wildest"  condensate  and  in  consequence 
suffer  the  greatest  losses.  As  the  converse  of  this  practice  a  single- 
stage  plant  (No.  76  in  the  tables)  in  the  Mid-Continent  field,  men- 
tioned in  several  places  throughout  this  paper,  produces  a  condensate 
having  a  gravity  of  79®  B.  and  a  vapor  tension  of  about  5  pounds  that 
is  shipped  in  standard  tank  cars  with  a  total  loss  of  2  to  3  per  cent, 
including  the  losses  from  being  transferred  several  miles  through  pipe 
lines  to  the  loading  racks  and  from  loading  into  the  cars. 

KAPHTELA.  USED  AS  BLENDZNG  STOCK. 

To  form  an  ideal  motor  fuel,  the  distillate  or  naphtha  used  in 
blending  should  be  one  that  will  give  the  mixture  a  imiform  series  of 
fractions  between  the  temperatures  at  which  distillation  begins  and 
finishes,  with  none  of  the  fractions  with  boiling  points  so  high  as  to 
cause  incomplete  combustion  and  carbon  deposits  in  motor  cylinders. 

To  blend  and  weather  condensate  to  correspond  with  the  above 
conditions  is  possible,  but  such  practice,  because  of  the  great  waste 
and  expense,  is  followed  only  in  blending  special  gasolines  for  engine 
or  speed  tests.  Also,  in  making  straight  refinery  distilled  gasoline, 
because  of  the  increased  demand  for  motor  fuel,  more  and  more  of 
the  heavier  distillates  have  been  cut  into  the  motor-fuel  fractions, 
causing  a  lower  gravity  and  a  higher  end  point. 
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Rittman,  Dean^  and  Jacobs  *  have  shown  clearly  the  ditference^ 
in  still-run  and  blended  gasolines  (see  fig.  13)  as  they  afe  put  upon  the 
marketi  They  state  that  the  blended  casing-head  products  have 
larger  percentages  distilling  below  50°  C.  but  have  longer  distillation 
ranges^  which  tend  to  make  the  slope  of  the  temperature-percentage 
curves  for  these  gasolines  flatter  than  those  of  straight  refinery 
products.  They  also  state  that  any  gasoline  having  an  unusually 
large  distillation  cut  below  50®  C.  and  with  considerable-percentages 
distilUng  within  the  temperature  ranges  of  150°  to  175°  C.  and  175° 
to  200°  C,  and  being  deficient  in  constituents  boiling  at  intermediate 
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Figure  13.— Ourves  showing  volatility  ranges  of  refinery  and  of  casing-head  gasoline.  1,  refinory  gasoline; 
f ,  casing-head  gasoline.  The  flatter  slope  of  the  curve  for  casing-head  gasoline  shows  that  the  content 
of  both  low  and  high  boiling  constituents  Is  greater  In  the  blended  gasoltno.    After  Kittman. 

points  of  the  distillation,  may  be  classed  as  one  of  these  blended 
products. 

The  naphthas  or  distillates  being  used  for  blending  are  those  frac- 
tions that  distill  from  crude  oil  after  the  cuts  marketed  as  ''straight 
still-run ''  gasoline  have  distilled  off.  The  naphthas  made  from  east- 
ern and  Mid-Continent  crudes  range  in  gravity  from  46°  to  60°  B., 
whereas  those  made  from  the  asphaltic  base  California  crude  oils 
range  between  42°  and  52°  B.  The  difference  in  the  eastern  and 
western  distillates  is  due  to  the  fact  that  the  crude  oils  in  the  different 
fields  differ  in  character,  having  paraflSn,  asphaltic,  or  mixed  bases. 


a  Rlttman,  W.  F.,  Deau,  E.  W.,  and  Jacobs,  W.  A.^  Physical  and  chemical  properties  of  gasolines  sold 
tlurooghout  the  United  States  during  the  calendar  year  1915:  Tech.  Paper  163,  Bureau  of  Mines,  1916,  p.  27. 
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The  eastern  and  the  California  naphthas  used  in  blending  have 
approximately  the  same  end  points,  although  the  gravities  differ  7^ 
to  10°  B.;  also  the  blends  formed  have  different  gravities,  although 
the  end  points,  power  developed  per  gallon,  and  the  completeness  of 
combustion  of  the  mixtures  are  practically  similar.  The  differences 
m  the  specific  gravities  of  the  various  cuts  of  similar  end  points 
from  the  different  crudes  decreases  as  the  cuts  become  lighter. 

Mid-Continent  crudes  having  mixed  bases  vary  between  Cahfornia 
and  Pennsylvania  crude,  and  have  gravity  and  end  point  ratios 
between  the  two  extremes  stated  above. 

Certain  companies  in  buying  blended  gasoline  specify  that  the 
product  shall  have  a  gravity  of  not  less  than  67°  B.  and  an  upper  end 
point  not  more  than  400°  F.,  which  will  require  that  naphtha  with  a 
gravity  of  about  55°  B.,  if  from  Mid-Continent  crude,  or  48°  B.,  if 
from  California,  be  used  in  making  the  mixture. 

Numerous  blending  plants,  however,  use  distillates  with  as  low 
gravity  and  as  high  end  point  as  the  kerosene  fractions,  and,  as  far 
as  is  known,  find  no  trouble  in  marketing  such  blends.  In  using 
naphthas  for  blending  it  has  been  found  that  the  heavier  naphthas 
give  better  results  than  the  lighter  ones  in  lowering  the  vapor  tension 
of  the  mixture,  for  equal  quantities  put  in,  the  heavy  fractions  having 
a  tendency  to  '^hold  down"  the  light  fractions. 

PROPORTIONS   IN    BLENDS. 

In  general  it  may  be  stated  that  blended  gasoline  usually  consists 
of  a  mixture  of  half  casing-head  gasoline  and  half  naphtha  or  dis- 
tillate, but  the  proportions  vary,  depending  upon  the  gravity  and 
vapor  tension  of  both  constituents,  blending  being  carried  to  a  point, 
in  conjunction  with  weathering,  that  brings  the  product  within  the 
shipping  rules  and  shows  maximum  profits  to  the  producers. 

STRATIFICATION    OP   BLENDED    GASOLINE. 

m 

In  many  quarters  belief  has  beon  expressed  that  in  blended  gasoUne 
the  light  condensate  fractions  separate  from  the  heavier  distiQate 
fractions,  causing  stratification.  The  writer  could  find  no  direct 
evidence  that  such  stratification  takes  place,  and  interviewed  many 
operators  and  blenders  who  had  made  various  tests  and  were  imable 
to  find  such  a  condition.  It  is  true  that  owing  to  change  of  tem- 
perature, in  a  closed  tank,  the  lighter  fractions  at  times  vaporize  and 
Tondense  on  the  sides  of  the  container  and  drain  down,  floating  in 
a  thin  layer  on  top  of  the  hquid.  This  condition  may  have  given 
rise  to  the  belief  regarding  stratification,  but,  as  shown,  is  not  due  to 
separation  of  the  two  or  more  blended  constituents  through  differ- 
ences in  their  gravities.     All  fractions   of  petroleum  oils  are  gen- 
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erally  considerod  as  soluble,  one  in  the  other,  and  a  blend  of  two  or 
more  fractions  such  as  naphtha  and  condensate  should  not  separate 
or  stratify.  All  evidence,  obtainable  indicates  that  no  such  stratifi- 
cation actually  takes  place  in  blended  motor  fuels  through  the  differ- 
ence in  specific  gravity  of  the  members  blended.  A  test  made  on  a 
California  blended  product  and  reported  to  the  writer  showed  no 
separation.  The  blend,  which  was  a  small  quantity  of  condensate 
with  a  gravity  of  105°  B.  and  a  large  quantity  of  distillate  with  a 
gravity  of  48°  B.,  was  placed  in  a  10-barrel  tank  and  tested  after 
standing  one  week  without  being  disturbed.  Samples  drawn  from 
the  top  and  bottom  had  specific  gravities  differing  only  0.07®  B. 
This  blend  foimd  a  ready  market  as  fuel  for  motor  trucks. 

The  naphthas  used  and  the  blends  marketed  at  the  present  time 
depend  to  no  small  extent  on  the  market  conditions  of  the  heavier 
distillates.  Naphthas  that  can  be  obtained  in  quantity  easily  and 
regularly,  thus  insuring  a  steady  supply,  are  often  chosen  in  prefer- 
ence to  a  more  perfect  blending  stock,  supplies  of  which  can  not  be 
depended  upon. 

COSTS  OF  COHPEESSIOS  PLANTS. 

The  widely  varying  conditions  under  wliich  compression  plants  are 
being  instaUed,  both  as  to  situation  and  the  machinery  and  the  steel 
markets,  make  estimates  of  the  costs  of  plants  so  imcertain  that  the 
subject  will  be  undertaken  with  the  idea  of  showing  the  costs  of 
plants  recently  installed,  of  which  the  writer  has  knowledge,  rather 
than  to  attempt  to  estimate  costs  in  general  for  present  or  future 
installations. 

An  operator  in  the  Mid-Continent  field  who  has  built  and  is  running 
three  plants  computes  plant  construction  costs  on  a  unit  basis  and 
gives  the  costs  of  one  unit  that  will  treat  400,000  to  500,000  cubic 
feet  of  gas  daily,  as  follows:  One  single-stage  imit,  compressing  the 
gas  to  a  pressure  of  75  or  90  poimds,  $8,000  to  $9,000;  one  two- 
stage  unit  compressing  to  200  or  250  pounds,  $15,000  to  $18,000. 
Vacuum  pumps  at  the  compression  plants  are  included  in  this  esti- 
mate, but  not  gathering  Unes  with  their  pumps,  or  the  expansion 
engines  that  are  used  at  the  plants.  On  this  basis,  a  1,000,000-foot 
plant  compressing  gas  to  a  pressure  of  250  pounds  would  cost  approxi- 
mately $36,000,  or  $36  per  1,000  feet  of  capacity. 

The  expense  of  construction  and  equipment  of  a  plant  compressing 
1,250,000  cubic  feet  of  gas  daily  to  250  pounds,  put  into  commission 
in  June,  1916.  was  stated  to  be  $36,570,  divided  as  follows: 
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Cost  ofeompremon  plant  with  a  capacity  of  1,250^000  cubic  feet, 

m 

Machines,  engines,  compressors,  water  pumps,  and  air  pumps  and  tanks $18, 240 

Pipe  and  fittings,  engine  and  compressor  connections,  cooling  coils  and 

doable-pipe  coils 1,534 

Building  compressor  room  with  steel  frame,  cooling  tower,  accumulator  tank 

and  storage  housing,  auxiliary  engines  and  pumps 6, 756 

Gathering  lines 3,797 

Tankage 1,105 

GastiapB 700 

Electric  plant 395 

Labor,  carpenter  work;  pipe-fitting;  concrete,  etc.;  setting  engines 4,043 

Total 36,570 

No  expansion  set  is  included  in  this  estimate,  but  when  the  capacity 
of  the  plant  was  doubled  later  in  the  same  year  a  simple  single-stage 
compressor  was  installed  as  an  expansion  engine  and  is  used  to  expand 
all  of  the  gas  treated,  or  2,500,000  cubic  feet.  The  construction  of  the 
first  half  of  the  plant  shows  a  cost  of  $29  per  1,000  feet  capacity. 
The  entire  cost  of  the  plant  after  the  original  capacity  was  doubled  and 
an  expansion  engine  installed  is  approximately  $60,000,  or  $24  per 
1,000  feet  capacity. 

Another  plant  with  a  total  capacity  of  2,500.,000  feet,  built  during 
the  same  period,  usmg  the  same  pressures  and  very  similar  to  the 
plant  described  above, in  imits  and  "hook-up "  (compressor  and  engine 
drive),  but  using  a  drilling  engine  as  an  expander,  cost  $55,000,  or 
$22  per  thousand  feet  capacity. 

The  cost  per  1,000  feet  of  capacity  of  plants  treating  small  quanti- 
ties of  gas,  100,000  to  250,000  cubic  feet  daily,  is  relatively  higher; 
instances  having  come  to  the  attention  of  the  writer  of  costs  of  $40 
or  $50  per  1,000  feet  capacity  for  plants  of  that  size. 

One  small  plant — a  250,000-foot  plant  compressing  gas  to  250 
pounds — ^including  an  expansion  engine,  cost  $11,000,  or  more  than 
$44  per  1,000  feet  of  capacity. 

Plants  treating  small  quantities  of  gas  under  pressures  obtained  by 
single-stf^e  compressors  and  having  simple  coohng  systems,  such  as 
are  found  in  many  eastern  fields,  notably  Sisters ville,  W.  Va.,  cost 
much  less  than  is  indicated  by  the  above  estimates. 

No  estimate  of  costs  of  gathering  systems,  with  vacuiun  stations  and 
booster  compressors,  can  be  made,  as  the  conditions  vary  from  a  few 
hundred  feet  of  6-uich  lines  to  Unes  of  8  and  10  inches  diameter 
extending  5  to  10  miles  from  the  plant  and  having  as  many  as  30 
pumps  and  "booster"  machines  forcing  the  gas  through  the  mains 
and  maintaining  low  pressures  on  the  wells. 
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HDnMXTM  PLANT.  CAPACITY   AT  WHICH  GAS  CAN  BE  TBEATEI) 

PBOFTTABLY. 

The  question  of  how  much  gas  is  necessary  to  mak<5  the  installa- 
tion of  a  compression  plant  profitable  often  arises.  This  subject  is 
approached  more  easily  and  clearly  from  the  point  of  production,  the 
quantity  of  gas  being  allowed  to  vary  accordingly.  Operators  own- 
ing wells  producing  enough  gas  to  produce  150  or  more  gallons  of 
condensate  daily  can  at  the  present  price  of  that  product  well  afford 
to  install  a  plant,  provided  that  no  royalties  have  to  be  paid,  that 
the  gas  will  yield  1  gallon  or  more  per  1,000  cubic  feet,  and  that 
not  more  than  one  extra  man  must  be  kept  on  the  pay  roll.  To 
produce  this  quantity  of  condensate  under  these  conditions,  150,000 
cubic  feet  of  1-gallon  gas,  or  50,000  cubic  feet  of  3-gallon  gas  would 
be  profitable.  In  plants  of  this  size  owned  and  operated  by  oil  and 
gas  producers,  often  no  extra  help  is  needed,  the  plant  being  watched 
and  taken  care  of  by  pumpers  in  making  their  regular  rounds  of  the 
lease.  The  cost  of  such  plants  varies  under  average  conditions  be- 
tween $4,000  and  $8,000,  and  profitable  returns  on  the  costs  of  instal- 
lation are  shown. 

With  these  costs  as  a  basis  and  considering  royalties  and  addi- 
tional labor  to  run  the  plants,  the  quantities  and  richness  of  gas  nec- 
essary to  make  an  installation  profitable  may  be  estimated.  Many 
small  plants  in  the  eastern  fields  are  treating  75,  000  to  100,000  cubic 
feet  of  gas  daily,  and  the  fact  that  they  continued  to  run  during  times 
when  condensate  sold  at  8  and  10  cents  per  gallon  would  indicate 
that  profits  under  the  present  conditions  are  gratifying.  The  price 
received  in  August,  1916,  at  Sistersville,  W.  Va.,  for  condensate  with 
a  gravity  of  86°  B.,  was  reported  to  be  more  than  18  cents  per  gallon. 

PLANT  EECOEDS. 

The  writer  in  collecting  detailed  plant  data  found  that  many,  in 
fact  most  compression  plant  operators  used  no  system  of  daily  report 
sheets  or  records  of  plant  operation  further  than  making  each  day 
an  estimate  of  the  condensate  produced.  It  is  difficult  to  see  how 
plants  of  this  character  can  be  operated  intelligently,  or  improve- 
ments made,  unless  accurate  records  of  all  the  more  important  plant 
functions  are  carefully  kept  and  used  in  directing  changes  and  experi- 
ments to  improve  the  practice  and  increase  the  quantity  and  quality 
of  the  product.  At  fully  one-half  of  the  plants  visited  no  attempt 
was  made  at  keeping  data  of  any  kind  excepting  records  of  the  pro- 
duction, and  only  a  limited  number  of  those  keeping  accurate  and 
detailed  records  made  any  use  of  them;  or  had  tried  to  improve 
either  the  operation  or  the  product.  For  instance,  the  pressure  of 
250  pounds  is  almost  universally  used  as  the  ultimate  pressure  at 
plants  throughout  the  western  fields,  because  other  operators  use 
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it  and  because  the  machines  and  pipe  fittings  are  designed  for  that 
pressure,  the  actual  qualities  of  the  gas  being  treated  not  being  con* 
sidered.  At  one  plant  that  had  been  using  a  pressm*e  of  250  pounds, 
it  was  found  that  the  engines  gave  less  trouble  when  the  pressure 
was  reduced  to  about  200  pounds  and  that  no  less  condensate  was 
produced,  showing  that  the  higher  pressure  had  not  been  used  because 
it  was  best  suited  to  the  gas  but  because  it  was  standard  for  the 
machines  in  use. 

In  every  plant  the  best  pressures  and  temperatures  to  use  must  be 
found  by  trial  and  experiment,  but  without  records  of  results  and  con- 
ditions improvements  will  bo  slow  in  coming.  The  accompanying 
form  shows  the  daily  report  sheet  used  by  a  progressive  Cahfomia 
operator.  Many  of  the  records  are  made  by  recording  gages  and 
thermometers,  the  charts  being  filed  for  reference  and  comparison 
with  the  report  sheet.  At  any  sign  of  a  disturbance  of  any  plant 
function,  additional  information  is  gathered,  such  as  the  specific 
gravity  of  the  gas  before  entering  and  after  being  discharged  from 
the  plant  and  after  each  step  in  its  treatment.  The  quantities 
of  condensate  precipitated  and  collected  at  each  accumulator  tank 
and  its  specific  gravity  are  also  found  useful  in  locating  plant  dis- 
turbances or  irregularities.  Records  of  temperatures  of  the  gas,  at 
each  change  of  pressure  and  after  each  set  of  coils  is  passed  or  each 
fraction  of  condensate  is  removed,  should  be  kept.  Records  of  cool- 
ing water  and  atmospheric  temperatures,  in  conjunction  with  other 
records,  may  show  either  the  cause  or  the  effect  of  changes  in  the 
gas  or  in  plant  conditions.  Although  the  cooUng  of  gas  in  coils  and 
of  water  in  towers  has  been  practiced  for  years,  many  casing-head 
gasoline  plants  have  installed  only  the  most  primitive  and  least 
efficient  systems,  and  the  lack  of  records  and  data  obscure  the  fact 
that  poor  results  are  being  obtained  from  their  use. 

Records  of  engine  speeds  and  other  purely  mechanical  data,  such 
as  the  number  of  hours  machines  are  shut  down  and  the  reasons  for 
such  delays,  are  of  use  in  determining  costs,  plant  efficiency,  and  the 
efficiency  of  men  in  charge  of  plants  or  the  machines,  as  well  as  the 
principal  causes  of  trouble  and  weakness  of  any  machine  or  part. 

Accurate  plant  Tecords  are  also  valuable  in  cooperating  with 
operators  of  other  plants  in  an  endeavor  to  improve  general  plant 
practice  and  operation.  It  was  noticed  in  districts  where  friendly 
cooperation  existed  that  the  practice  in  general  in  that  district  was 
more  modern  and  that  the  operators  and  men  in  the  plants  had  a 
broader  understanding  of  the  process  as  a  whole. 

The  measure  of  success  in  most  compression  plants  has  been  con- 
sidered only  from  a  narrow  viewpoint,  the  improvements  possible 
and  the  waste  of  condensable  vapors  contained  in  the  gas  being 
overlooked. 
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102  RECOVERY  OF   GASOLINE  FROM   NATURAL  GAS. 

The  staff  of  the  Bureau  of  ADnes  receives  many  letters  asking 
information  regarding  the  manufacture  of  gasoline  from  natural  gas, 
which  they  wilhngly  and  gladly  answer,  but  in  most  of  these  letters 
the  data  regarding  both  the  gas  and  the  operation  of  the  plant  are 
so  meager  that  answers  must  be  of  a  very  general  character  and  are 
probably  as  unsatisfactory  to  the  correspondent  as  to  the  writer. 

STTMMABT. 

In  the  following  paragraphs  some  of  the  more  important  factors 
relating  to  natural-gas  gasoline  and  its  production  by  the  com- 
pression process  are  briefly  discussed. 

TESTING  NATURAL  GAS  TO  DETERMINE  ITS  8UITABIIJTY  FOR  MAKINO 

GASOLINE. 

The  various  hydrocarbons,  and  also  the  impurities,  found  in  natural 
gas  as  it  comes  from  oil  or  gas  weUs,  have  a  direct  bearing  on  the 
plant  practice  and  treatment  that  will  yield  the  most  condensate. 
The  more  complete  and  thorough  the  tests  made  on  the  gas  to  de- 
termine its  composition  and  physical  characteristics  are,  the  less 
chance  there  will  be  of  those  interested  building  and  operating  a 
compression  plant  that  is  not  best  suited  for  treatment  of  that 
particular  gas. 

Thus  far  the  plants  installed  have  been  generally  of  standard 
design  and  equipment  using  the  maximum  safe  pressures  for  which 
standard  machines  and  fittings  were  built  and  temperatures  obtainable 
by  simple  methods  of  water  cooling,  little  consideration  being  given 
to  the  quahties  of  the  gas  to  bo  treated. 

Gas  testing  as  followed  at  the  present  time  is  done  only  to  determine 
if  the  gas  can  be  profitably  treated,  and,  if  f oimd  so,  a  plant  of  general 
standard  design  is  put  in  operation.  It  must  be  admitted  that  these 
plants  as  a  whole,  throughout  theUnitedStates,  have  proved  financially 
successful,  but  as  a  rule  such  success  is  due,  in  the  writer's  opinion,  more 
to  the  fact  that  only  the  rich  gas  has  been  taken  for  treatment  than 
to  careful  plant  design  and  operation.  The  great  increase  in  pro- 
duction at  a  few  of  the  plants  where  the  operators  have  studied  the 
gas  being  treated  and  installed  equipment  best  suited  to  its  com- 
position and  characteristics  indicates  that  gross  waste  is  taking  place 
at  many  plants  of  standard  design.  As  more  is  learned  of  the  best 
methods  of  treating  natural  gas  in  compression  plants,  gas  of  lower 
gasohne  content  can  be  and  wiU  be  used  in  such  plants. 

At  many  plants  visited  no  gas  tests  of  any  kind  had  been  made 
since  the  original  tests  to  determine  whether  the  gas  was  rich  enough 
in  gasoline  to  warrant  treatment.  With  the  aging  of  the  weUs,  the 
extension  of  gathering  hnes,  and  the  installation  of  vacuum  pumps, 
which  often  draw  air  into  the  gas  lines,  it  is  hard  to  beUeve  that  no 
variation  in  treatment  was  necessary  if  the  best  results  were  desired. 
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Gravity  tests  of  the  gas  used  should  be  made  from  time  to  time  at  all 
plants.  The  results  will  indicate  any  changes  in  composition  and 
usually  whether  air  has  been  taken  into  the  line.  This  test,  if  made 
at  different  points  in  the  treatment  and  on  the  treated  gas  may  also 
indicate  either  a  change  in  the  character  of  the  gas  or  that  some  part 
i)f  the  plant  is  not  working  as  usual.  Other  tests,  such  as  absorption 
and  compression  tests  and  analyses,  made  and  recorded  at  regular 
mtervaJs,  have  been  of  value  in  determining  sources  of  trouble  and 
indicating  the  need  of  experiments  and  of  plant  changes. 

Experimenting  with  the  entire  plant  or  one  complete  imit  by 
changing  the  temperatures  and  pressures  and  recording  the  results 
may  lead  to  better  recovery  or  a  better  product. 

PRESSURES  AND  TEMPERATURES. 

Gas  from  weUs  that  are  being  and  often  have  been  gas-p\miped  for 
years,  and  are  held  under  high  vacuTuns  is  composed  largely  of  the 
heavier  vapors  that  woidd,  unless  vacuums  were  used,  remain  as 
liquid  in  the  oil,  and  in  treating  such  gas  extreme  pressures  and  tem- 
peratures are  not  necessary. 

In  eastern  fields,  where  these  conditions  are  most  often  found, 
single-stage  plants  working  at  a  pressure  of  about  100  pounds  and 
using  such  temperatures  as  can  be  obtained  in  submerged  coils  cooled 
by  the  natural  temperatures  of  weU  or  creek  waters,  give  satisfactory 
recoveries  and  produce  condensates  with  a  gravity  and  vapor  pressure 
as  high  as  can  be  handled,  either  blended  or  imblended.  In  the 
same  fields,  however,  plants  treating  gas  from  old  weUs  not  held 
under  vacuimi  have  foimd  that  not  enough  of  the  vapor  carried  by 
the  gas  can  be  condensed  at  pressures  lower  than  300  poimds  to  be 
profitable.  The  condensate  produced  at  that  pressure  was  exceed- 
ingly wild  and  in  order  to  effect  a  maximum  saving  required  blend- 
ing as  e^rly  in  the  process  of  precipitation  as  possible.  It  appears 
from  the  above  facts  that  gas  taken  from  wells  held  under  high  vacuxun 
carries  portions  of  the  higher-boiling  fractions,  distilled  from  the  oil 
imder  reduced  pressures,  that  would  otherwise  have  remained  in 'the 
oil  in  the  sands.  The  removal  of  the  lighter  fractions  by  this  method 
has  less  effect  on  the  gravity  of  the  refined  oil  than  would  at  first 
seem  probable,  because  a  marked  percentage  of  these  vapors  im- 
doubtedly  came  from  oil  left  in  the  sands  which  in  all  probability 
will  never  be  extracted,  and  also  because  the  oil  production  from 
many  small  wells  held  under  high  vacuums  is  stored  for  days,  and 
even  weeks,  in  tanks,  exposed  to  changes  in  atmospheric  temperature, 
dming  which  time  the  lighter  fractions  are  lost  to  a  greater  or  less 
extent.  Under  these  conditions,  reUeving  the  oil  of  its  lightest 
vapors  before  it  is  exposed  to  evaporation,  or  while  still  in  the  sands 
nixdergroimd,  would  save  these  valuable  products. 
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In  the  newer  fields,  in  which  the  gas  is  still  produced  under  widely 
varying  rock  pressures,  a  maximum  plant  pressure  of  250  pounds  is 
almost  imiversally  used,  and  refrigeration  has  often  been  found  to 
increase  production  10  to  50  per  cent. 

Besides  the  usual  cooling  with  water,  at  some  plants  the  gas  is  also 
cooled  in  heat  interchangers,  while  still  at  the  maximum  pressiires 
used,  with  expanded  gas.  The  dry  compressed  gas  is  expanded 
adiabatically  in  the  power  cylinder  of  a  steam  engine,  its  temperature 
being  lowered  at  times  to  — 100**  F.  In  the  heat  interchaoger  the 
high-pressure  gas  is  reduced  to  temperatures  as  low  as  —10®  F., 
which  causes  vapors  not  condensed  in  the  water-cooled  system  to 
precipitate.  It  is  the  writer's  opinion  that  many  plant  operators 
are  overlooking  gas  expansion  as  a  means  of  increasing  the  net  pro- 
duction of  their  plants. 

The  treatment  of  natural  gas  for  gasoline  is  unlike  those  manufactur- 
ing processes  in  which  the  treated  material  may  be  stored  and  treated 
a  second  or  third  time  after  the  first  extraction  or  concentration  of  the 
desired  portions,  because  the  gas,  after  once  coming  to  the  surface, 
must  be  kept  moving  until  treated  and  used  as  fuel  or  wasted  to  the 
atmosphere.  Thus  marketable  fractions  of  condensate  left  in  the 
gas  after  treatment  are  practically  entirely  wasted. 

CONDENSATE. 

The  gasoline  carried  in  natural  gas  and  precipitated  at  different 
points  in  the  treatment  consists  mostly  of  pentane  and  hexane,  the 
fifth  and  the  sixth  members  of  the  paraffin  series,  smaller  proportions 
of  heptane,  the  seventh  member,  and  decreasing  percentages,  if  any, 
of  propane  and  butane,  the  third  and  fourth  fractions.  In  conden- 
sates produced  at  high  pressures  and  low  temperatures,  probably- 
some  propane  and  butane  are  present  and  with  dissolved  gas  cause 
the  high  vapor  tensions  of  some  plant  products.  The  amount  of 
dissolved  gas  is  probably  of  no  importance,  as  far  as  volume  is  con- 
cerned, but  there  seems  to  be  little  reason  to  doubt  that  when  the 
pressure  on  the  condensate  is  relieved  the  gas  has  a  decided  tendency 
to  cause  boiling  and  agitation  of  the  liquid,  which,  with  boiling  of  the 
propane  or  the  butane,  causes  losses  not  only  of  these  constituents 
but  also  of  some  of  the  heavier  members  during  weathering. 

The  gravity  of  the  plant  products  as  they  come  to  the  accumulator 
or  the  ''make  tanks''  varies  between  70''  and  Oe*"  B.,  and  the  vapor 
tension,  from  5  to  40  poimds. 

The  gravity  and  the  vapor  tension  of  the  condensates  as  collected 
in  the  accumulator  tanks  of  the  successive  stages  become  higher  as 
the  higher  pressure  and  the  lower  temperature  changes  are  reached. 
The  products  range  from  line  drip  or  distillate  with  a  gravity  of  55^ 
B.,  produced  at  atmospheric  temperature  and  pressure,  to  condensate 
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with  a  gravity  of  105°  B.,  produced  in  the  accumulator  tank  at  the 
expansion-engine  exhaust,  at  —  40°  F.,  the  gas  having  been  reduced 
to  a  pressure  of  10  pounds. 

Experiments  and  the  equipment  of  recent  plants  indicate  that  to 
remove  the  condensate  from  contact  with  the  gas  as  soon  as  possible 
after  precipitation  and  collection  is  the  best  practice.  This  is  ac- 
complished by  the  use  of  small  automatic  traps,  whicli  drain  the 
liquid  from  the  accumulator  tanks  as  soon  as  collected.  The  liquid 
then  passes  through  pipes  to  ''make  tanks/'  or  storage  tanks,  the 
pressure  being  reduced  on  a  small  quantity  of  condensate  at  each 
dumping  of  the  trap  with  the  least  possible  agitation  and  consequent 
boiling.  This  method  reduces  transfer  losses  and  those  from  sudden 
lowering  of  pressure  on  large  amounts  of  condensate  at  one  time. 
The  automatic  traps  are  used  in  transferring  either  raw  or  blended 
products  from  accumulator  tanks  to  storage  or  "make''  tanks  at 
lower  pressures. 

BLENDING. 

Although  some  casing-head  gasoline  is  shipped  and  used  without 
being  blended,  most  of  it  is  mixed  or  blended  with  naphtlia  of  lower 
gravity  and  vapor  tension  before  reaching  the  consumer. 

Condensate,  although  at  times  shipped  unblended,  is  in  the  most 
modem  plants  and  the  latest  practice  blended  as  soon  as  possible 
after  being  formed,  or  even  while  in  the  process  of  precipitation. 
Some  operators  still  ship  their  product  partly  blended  or  reduced  in 
gravity  and  vapor  tension  to  blending  stations  or  refineries,  but  the 
general  practice  is  to  blend  at  some  stage  of  precipitation  or  storage 
at  the  plant. 

Blending  at  the  plants  is  done  in  the  storage  tanks,  the  *'make 
tanks,"  and  the  acciunulator  tanks,  and  at  times  in  the  coils  while  the 
condensate  is  still  in  process  of  precipitation  and  in  contact  with  the 
high-pressure  gas.  Operators  using  these  methods  claim  definite 
increases  in  production  for  each  successively  earlier  point  in  the 
process  of  cooling  and  precipitation  in  the  high-pressure  units  at 
which  blending  is  accomplished. 

Naphthas  having  an  end  point  of  approximately  400°  F.  are  in 
general  use  as  blending  stocks,  but  at  some  plants  where  regular 
supplies  of  this  stock  could  not  be  obtained,  distillates  having  the 
end  points  and  gravities  of  kerosene  are  used. 

Some  blending  companies  use  with  the  usual  naphthas  small 
quantities  of  "straight"  still-run  California  gasoline,  specific  gravity 
58°  B.,  and  Mid-Continent  and  eastern  grades,  specific  gravity  66° 
to  68°  B.,  in  order  to  increase  the  proportions  of  those  hydrocarbons 
of  which  the  naphtha  and  the  condensate  contain  only  small  per- 
centages. 

7338''— is— BuU.  151 8 
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THE   ADVANCEMENT   OF  THE    INDUSTRY. 

Since  the  first  commercial  gas  compression  plants  were  established, 
about  15  years  ago,  in  the  eastern  oil  fields,  marked  advancement 
has  been  made  in  the  mechanical  and  commercial  phases  of  the 
natural-gas  gasoline  industry. 

Up  to  about  five  or  six  years  ago,  most  of  the  plants  consisted  of 
the  simplest  forms  of  gas  pumps,  single-stage  compressors,  and 
cooling  coils,  were  operated  only  on  rich  casing-head  gas  that  would 
produce  4  to  6  gallons  of  condensate,  and  had  a  capacity  of  not  more 
than  200,000  or  300,000  cubic  feet  daily. 

At  present  plants  are  in  operation  treating  6,000,000  to  9,000,000 
cubic  feet  daily  of  gas  yielding  as  low  as  1  gallon  of  condensate  per 
1,000  cubic  feet,  using  pressures  of  250  and  300  pounds  per  square 
inch  in  two  stages  of  compression,  with  elaborate  systems  of  cooling 
the  gas  with  water  before  compression  and  after  each  stage  of  com- 
pression. The  water  used  is  cooled  below  normal  temperatures  by 
induced  aeration  and  radiation. 

In  some  plants  the  gas  is  further  cooled  by  expanding  the  dry 
treated  gas  through  the  cylinders  of  an  expansion  engine  and  using 
the  cold  expanded  gas  to  cool  the  high-pressure  gas  from  the  water- 
cooled  coils.  Temperatures  as  low  as  0°  F.  are  often  obtained, 
causing  the  precipitation  of  nearly  all  the  condensable  fractions 
commercially  valuable  for  making  gasoline. 


FOBXUIAS  AVD  TABLES  &OVEB]nir&  THE  FLOW  OF  GAS  IB 

PIPE  LIBES. 

Formulas  governing  the  flow  of  gas  in  pipes  have  been  worked  out 
by  Weymouth  and  discussed  by  him  in  a  paper"  published  by  the 
American  Society  of  Mechanical  Engineers.  These  formulas  with 
that  part  of  Weymouth's  report  that  relates  to  the  flow  of  gas  in 
pipe  lines  are  given  in  the  following: 

TBANSMISSION  OF  NATITBAL  GAS. 

By  Thomas  R.  Weymouth. 

In  the  deaign  of  pipe  lines  for  the  transmiasion  of  natural  gas  from  the  field  to  the 
points  of  consumption  it  is  necessary  to  make  use  of  a  formula  expressing  the  relations 
to  each  other  of  the  quantity  and  initial  and  final  pressures  of  the  gas,  and  the  diam- 
eter and  length  of  line.  Many  such  formulas  have  been  proposed  giving  widely 
differing  results.  In  nearly  all  of  them  the  flow  is  stated  as  varying  as  the  square 
root  of  the  fifth  power  of  the  pipe  diameter,  and  either  the  coefficient  of  friction  is 
considered  constant,  or  a  different  coefiicient  is  given  for  each  diameter  of  pipe. 
This  serves  well  enough  where  the  diameter  is  known  and  any  one  of  the  other  quan- 
tities expressed  by  the  formula  is  desired,  but  is  somewhat  awkward  when  it  is 
desired  to  ascertain  the  diameter  of  line  necessary  to  meet  the  other  given  conditions. 

The  author  has  derived  a  new  formula  which  he  believes  expresses  the  relation- 
ship of  the  quantities  involved  even  more  closely  than  any  heretofore  o£fored.  It  is 
based  on  isothermal  flow,  and  the  variation  in  the  value  of  the  coefficient  of  friction 
is  provided  for  without  complicating  the  formula,  yet  permitting  the  required  diam- 
eter of  line  to  be  ascertained  readily. 

The  expression  for  the  initial  velocity  of  any  gas  flowing  in  a  pipe  is  given  by 
Unwin  ^  as 

(,)  .   „.=^^pO?- 

Ui^initial  velocity,  in  feet  per  second. 

g^acceleration  due  to  gravity. 

PV 
G= thermodynamic  constant  of  the  flowing  gas  =  -=- 

7=ab6olute  temperature  of  gas. 

m=hydrauUc  mean  radius  of  the  pipe  =  -• 

Pi=ab9olute  initial  pressure  of  the  gas,  in  pounds  per  square  inch. 
P2-ab6olute  final  pressure  of  the  gas,  in  pounds  per  square  inch. 
/=coefficient  of  friction. 
I=Iength  of  line,  in  feet. 


a  Weymouth,  T.  R.,  Problems  in  natural-gas  engineering:  Trans.  Am.  Soc.  Mech.  Eng.,  voL  34, 1912, 
pp.  185-234. 
>  Vawin,  W.  C,  Transmission  and  distribution  of  power  from  central  stations,  1892,  p.  259. 
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Let 
Oft = thermodynamic  constant  for  air. 
G=8pecific  gravity  of  flowing  gas,  air=1.0. 
D= diameter  of  pipe,  in  feet. 
(f=diameter  of  pipe,  in  inches. 


Hence 


(2)  u,^^ 


^^      ^    C«         ,         D     d 
Then  C=Q-»  and  m=j=^ 


rgO,T{P,^-P,')(n^ 


48  Gfll\^      J 


If  9= quantity  of  gas  flowing  per  second,  based  on  absolute  pressure  and  temperature 
ofP^and  To, 


A=  area  of  cross  section  of  pipe  in  square  feet  =  4  v  144 


Then 


If 

Then 
and 


Q=  flow  in  cubic  feet  per  hour,  based  on  P©  and  Tq,  and 
L=  length  of  line,  in  miles, 


Z=5280L 
Q=3,600q 


^^^  ^"576V48  X  5280  i>oV^'L      G T/L      J 

Taking  g=32.17  and  C.  =53.33, 

(5)  ^=^'^^^Po\S~GTfir  J 

Experiments  on  the  flow  of  air  in  pipes  of  different  diameters  indicate  that  the  coef- 
ficient of  friction /is  a  variable,  decreasing  with  increasing  diameters  of  line.  A  great 
many  such  experiments  have  been  collected  and  published  in  ''Compressed  Air,"  by 
Elmo  G.  Harris,  from  which,  by  the  use  of  equation  5,  the  coefficients  of  friction  have 
been  computed  and  plotted  in  figure  14. 

In  the  reports  of  these  tests  no  statements  were  made  as  to  the  method  of  measuring 
the  quantity  of  gas  flowing,  and  it  is  quite  probable  that  many  of  the  results  are  inaccu- 
rate in  this  respect.  Notwithstanding  this,  however,  the  nature  of  the  variation  of/ 
with  the  diameter  is  evident,  and  the  curve  represented  by  the  equation 

._  0.008 

Vd~ 

gives  a  fair  average  of  the  loci  of  the  points  plotted .     Inserting  this  value  of /in  equa- 
tion 5,  the  expression  becomes 

Equation  6  is  the  general  formula  for  the  flow  of  gas  in  long  pipe  lines. 

In  1901  Forrest  M.  Towl  conducted  an  extended  test  on  an  8-inch  line,  70  miles 
long,  supplying  gas  to  Buffalo,  the  results  of  which  were  published  in  a  bulletin 
issuedby  Columbia  University  in  1911.  Previous  to  the  teet  the  line  had  been 
repaired  and  tested  for  leaks,  and  was  known  to  be  practically  gas-tight.  The  flow 
was  measured  by  standardized  Pitot  tubes,  which  gave  results  accurate  within  less 
than  1  per  cent.    The  specific  gravity  Q  of  the  flowing  gas  was  0.64,  it»  temperature 
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32"  F.,  or  r=492"  abacJnte.  The  tanpcnture  baoifl  on  which  the  gas  was  measured 
«U  50°  F.,  or  7'„=510<'  afaoolate,  ud  the  prtwure  fauis  was  4  ounces  above  14.4 
ponnda,  or  P,^U.6S  ponnda  per  square  inch  Absolute.  In  a  length  of  pipe  70.32 
miles  ling  P|  and  P,  were  210  and  41  pouudaper  square  iuch  absolute,  respectively. 
The  actual  diameter  of  the  pipe  vas  7.0S1  inches,  and  the  rate  of  flow  by  Pitot  tube 
was  found  (o  b«  221,000  cubic  feet  per  hour. 

Inserting  these  quantities  in  formula  1  and  solving  for  flow,  it  beoHues 
Q'-Z21,400  cubic  feet  per  hour, 
or  lev  than  0.2  pa  cent  greater  than  the  actual  flow  as  measured. 

AMuming  gas  standard  conditions  of  meaaurement  b«aiB,  namely,  60°  F.  and  14.65 
pounds  absolute  [HesBure,  and  that  the  average  flowing  temperature  of  the  gaa  through- 
out the  year  will  be  40°  F.,  the  formula  becomes 

and,  if  an  average  speciflc  gravity  of  0.60  be  anumed, 

Formula  jf  is  of  practical  use  in  deeigning  lines  for  the  tranaminion  of  natuiBl  gas. 
It  is  used  as  given,  or  in  a  transposed  form,  for  all  problems  relating  to  single  linee 
of  unilocm  diametra. 


1  2  S4G«I8S10  ,      to  I 

ACTUAL  INTESKAL  DIAKETEB  OF  PIPE  IM  IHCHIS  M  OB  ^) 
Fiomi  U.— Biokan  curre  showing  tbIuss  dI  egulvalsnt  langUu  of  diSereut  dlamawi  ol  pfpa. 

If  a  line  is  composed  oF  several  lengths,  L,,  Lj,  ...  £„,  ol  diametersd,,^^,  .  .  . 
each  of  these  lengths  must  be  transformed  into-an  equivalent  length  of  aao  choc 
diameter,  by  means  of  the  formula 
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Values  o(  equivalent  lengths  for  different  diameters  can  be  most  conveniently  ascer- 
tained by  the  use  of  the  curves  in  figure  15,  which  consist  of  plots  of  the  values  of 
d^  for  varying  values  of  d.  Values  taken  from  these  curves  are  conveni^it  to  use 
directly  in  the  pipe-line  formula,  equation  8j  whereas  they  are  most  simply  used  in 
equation  9  as  values  of  the  5|  power  of  the  diameter  ratios. 

TABLES. 

VOLUME  OF  FLOW  FROM  DIFFERENT  SIZES  OF  PIPE  AT  VARIOUS  PRES- 
SURES. 

The  number  of  cubic  feet  of  gas  of  a  specific  gravity  of  0.6  (air 
equaling  1.0)  that  will  flow  from  the  mouth  of  a  1-inch  pipe  in  24 
hours  is  given  in  Table  10  following.  The  pressure  of  the  container 
is  taken  as  4  ounces  above  an  assumed  atmospheric  pressure  of  14.4 
pounds  to  the  square  inch,  and  the  temperature  of  the  flowing  gas 
and  the  container  is  assumed  to  be  60^  F.  If  the  diameter  of  the 
pipe  is  other  than  1  inch,  multiply  the  discharge  value  given  in  Table 
10  by  the  square  of  the  actual  diameter  of  the  pipe,  as  foimd  in 
Table  11. 

Ta3LE  10. — Rate  of  flow  of  natural  gas  in  pipe  1  inch  in  inside  diameter  at  variotu 

pressures.'^ 


Observed  gago  pressure. 

Flow, 

cubic  foet 

per  day. 

Observed  gage  pressure. 

Flow, 

cubic  foot 

per  day. 

Inches  of 
meicury. 

Iziches 

of 
water. 

Pounds 

per 

square 

Loch. 

Inches  of 
mercury. 

Inches 

of 
water. 

Pounds 

per 

square 

inch. 

0.1 
0.2 
0.3 

a5 

0.7 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
7.0 

lao 

13.75 

20.62 

27.5 

41.25 

55.0 

G8.76 

82.50 

96.25 

iiao 

a0086 
0.0073 
0.0100 
0.0182 
a0254 

ao3ri4 

0.0545 
0.0727 

a  109 

0.145 

0.182 

a254 

0.3636 

a50 

0.75 

LOO 

L5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

12,390 

17,660 

21,480 

27,720 

32,820 

39,210 

48,030 

55,340 

67,910 

78,410 

87,670 

103,500. 

123,000 

146,220 

176,350 

201,800 

247,810 

285,130 

316,500 

344,350 

370,000 

393,000 

415,270 

10.17 
11.18 
12.20 
13.21 
14.23 
15.25 

ia26 

18.30 
20.33 
24.39 
28.46 
32.53 
36.60 
40.66 
50.81 
61.00 
71.10 

5.0 

5.5 

6.0 

6.5 

7.0 

7.6 

8.0 

9.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

25.0 

30.0 

3.5.0 

40.0 

45.0 

50.0 

65.0 

00.0 

436,200 
466,200 
473,750 
489,840 
505,920 
522,010 
538,600 
566,970 
689,270 
633,340 
675,000 
713,550 
748,f)60 
779,350 
845,160 
902,180 
954,820 
989,680 
1,036,700 
1,072,000 
1,106,880 
1,137,600 

0.05 
0.7 

an 
a  15 
a  23 
a29 

0.37 
0.S2 
0.74 
LQ2 
L52 
2.G3 
3.C5 
i.07 
5.08 
6.10 
7,12 
&13 
&15 

• 

m  ThomjMm,  A.  B^  Oil-field  development  and  petroleum  mining,  Lind.,  1910,  pp.  578-579;  quoted  by 
Johnson,  R.  K.,  and  Huntley,  L.  G.,  Oil  and  gas  production,  1916,  p.  9. 

In  correcting  for  temperature  of  flowing  gas,  where  observed,  of  30°, 
40°,  50°,  and  60°  F.,  add  4,  3,  2,  and  1  per  cent,  respectively.  To 
change  the  result,  as  foimd  by  this  table,  to  that  for  any  other  specific 


V 


0.6 


specific  gravity  of  gas 
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Table  11. — Multipliers  for  pipe  ofdvameters  other  Oian  1  inch  A 


Diam- 
eter of 
opening. 


iTich. 


MuIU- 
plier. 

Diam- 
eter of 
opening. 

Multi- 
plier. 

1.00 
2.25 
4.00 
6.25 
9.00 

1 
Diam- 
eter of 
opening. 

Multi- 
plier. 

Diam- 
eter of 
opening. 

MulU- 
plier. 

Diam- 
eter of 
opening. 

0.0038 
0.0156 
0.0625 
0.2500 
0.5625 

Inches. 

1 

J* 
2i 
3 

Inches. 
4 

6 

16.00 
18.00 
25.00 
28.90 
31.60 

Inches. 
6 

P 

7i 

36.00 
39.00 
43.90 
49.00 
52.50 

Indies. 
8 

10 
12 

Multi- 
plier. 


64.00 

6a  00 

81.00 

100.00 

144.00 


a  Johnson,  R.  H.,  and  Huntley,  L.  G.,  Oil  and  gas  production,  1916,  p.  355. 

Table  12. —  Variation  in  volume  of  100  cubic  feet  {100  per  cent)  of  gas  at  constant  tem- 
perature under  various  gage  pressures.^ 


Pressure  per  square 
inch. 

Vo'ume. 

Per  cerU. 
100.0 
99.1 
98.3 
97.5 
96.7 
95.9 
95.1 
94.3 

93.6 
88.0 
83.0 

Pressure  per  square 
inch. 

1 

Volume. 

Pressiire  per  square 
inch. 

Volume. 

OuTices. 
0 

1 

Pounds. 
4 

Percent. 
78.6 
74.6 
71.0 
67.7 
64.7 
62.0 
59.5 
55.0 

51.5 
47.8 
44.9 

21.. 
30.. 
40.. 

Pounds. 





Percent. 
42.3 

2 

5 

32.8 

4 

1    6 

2^.8 

6 

1     7 

50 

22.7 

8 

'     8.                     .... 

75 

lfi.8 

10 

1    9 .....   

10) 

12.8 

12 

i  10.:.:::::.:......::.:: 

150 

8.9 

14 

12 

201) 

6.8 

Pounds. 
1 

1 

I J 

250 

5.5 

2 

1  ..I..................... 

1(5 

300 

4.6 

3 

18 

400 

3.5 

b  Johnson,  R.  H.,  and  Huntley,  L.  O.,  Principles  of  oil  and  g&s  productLn,  1916,  p.  355. 
CHANGE   IN   VOLUME   OF   GAS   WITH   CHANGE   IN   TEMPERATURE. 

In  Table  13  following,  the  standard  is  taken  at  60°  F.  and  14.4 
inches  of  mercury  plus  0.25  =  14.65  inches  of  mercurjr.  Absolute 
zero  =  460°  F.  below  freezing  =  488°  below  60°  F.  The  specific 
gravity  of  the  natural  gas  is  taken  at  0.6,  air  being  1.  The  same 
1,000  cubic  feet  of  gas  at  60°  F.  will  measure  1,041  cubic  feet  at  80° 
and  959  cubic  feet  at  40°.  The .  percentage  of  the  decrease  and 
increase  below  or  above  60°  F.;  the  specific  gravity  of  the  gas  at 
temperatures  below  and  above  60°  F.;  also  weight  of  1,000  cubic  feet 
of  gas  and  air  at  the  different  temperatures  is  shown.  For  each 
degree  there  is  a  change  of  0.002056  in  volume. 


FORMULAS  AND  TABLES. 


113 


Table  13. — Change  in  volume  of  1^000  feet  of  air  or  natural  gae,  owing  to  change  in 

temperature. <^ 


TempoTA- 

tura. 

Voiume  of 
1.000  cubic 
feet  of  gas 
measurad 

at  tem- 
peratures 
other  then 

60»F. 

Loss  or 
gain  in 
volume. 

Spedflo 
gravity 
(spedflc 
gravity— 
0.6  at 
60*  F.). 

Weight  Of 
1.000  cubic 
ieet  of  gas 
(O.Ospeofic 
gravity  at 
60*  F.). 

Weight  of 
1.000  cubic 
Ieet  of  air. 

0 

10 

20 

32 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

212 

Cvbkfeet. 

877 

897 

918 

943 

950 

960 

1,000 

1,020 

1,041 

1,061 

1,082 

1,102 

1,122 

1,143 

1,163 

1,184 

1,204 

1,225 

1,245 

1,265 

1,285 

1,306 

1,311 

Percent. 
-12.3 
-10.3 

-  8.2 

-  5.7 

-  4.1 

-  2.0 
0.0 

+  2.0 
+  4.1 
+  6.1 
+  8.2 
+10.2 
+  12.3 
+14.3 
+16.3 
+18.4 
+20.4 
+22.5 
+24.5 
+28.6 
+28.6 
+30.7 
+31.1 

0.6841 
0.6689 
0.6536 
0.6302 
0.6256 
0.6124 
0.6000 
0.5879 
0.5763 
0.5<V52 
0.5545 
0.5442 
0.5343 
0.5247 
0.5157 
0.5067 
0.4981 
0.4898 
0.4818 
0.4739 
0.4665 
0.4591 
0.4576 

Pounds. 
58.82 
56.41 
54.04 
51.36 
49.68 
47.63 
45.67 
43.78 
41.96 
40.23 
38.56 
36.95 
35.40 
34.10 
32.47 
31.07 
29.72 
28.42 
27.17 
25.94 
24.78 
23.63 
23.41 

Pourtds. 
85.97 
84.33 
82.60 
80.73 
79.43 

n.Tt 

76.12 
74.48 
72.83 
71.10 
69.55 
67.90 
66. 2G 
54.62 
62.98 
61.33 
59.69 
58.05 
5G.40 
54.76 
53.12 
51.48 
51.16 

a  Westoott,  H.  P.,  Handbook  of  natural  gas,  Erie,  Pa.,  1913,  p.  379. 


SPECIFIC   GBAVITT   AND   BAXIME   SCALE   COMPARED. 

Table  14  shows  Baumfi  hydrometer  readings  from  10°  to  90*^  B. 
with  corresponding  specific  gravity,  and  also  the  corresponding 
weight  of  gasoline  in  poxmds  per  United  States  gallon  at  60°  F. 
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Table  14. — Baumi  scale  and  specific  gravity  equivalents^ 


•B. 

Spedflc 

Pounds 
in 

*  B 

Spedflo 

Pounds 

in 
pdlon. 

•  B 

Specific 

Pounds 
in 

gravity. 

gallon. 

^> 

^« 

gravity. 

gallon. 

10 

1.000 

8.33 

37 

0.8383 

6.99 

64 

0.7216 

6.01 

11 

0.9929 

8.27 

38 

0.8333 

6.94 

66 

0.7179 

6.98 

12 

0.9869 

8.21 

39 

0.8284 

6.90 

66 

0.7143 

6.96 

13 

0.9790 

8.15 

40 

0.8235 

6.86 

67 

0.7107 

6.92 

14 

0.9r22 

8.10 

41 

a  8187 

6.82 

68 

0.7071 

5.89 

16 

0.9665 

8.04 

42 

0.8140 

6.78 

68 

0.7036 

5.86 

16 

0.9689 

7.99 

43 

0.8092 

6.74 

70 

0.7000 

5.83 

17 

0.9524 

7.93 

44 

0.8046 

6.70 

71 

0.6965 

6.80 

18 

0.9489 

7.88 

46 

0.8000 

6.66 

72 

0.6031 

5.77 

19 

0.9396 

7.83 

46 

0.7955 

6.62 

73 

0.6897 

6.74 

20 

0.9333 

7.77 

47 

a  7910 

6.50 

74 

0.6863 

6.71 

21 

0.9272 

7.72 

48 

0.7865 

6.55 

76 

0.6829 

5.09 

22 

0.9211 

7.67 

48 

0.7821 

6.51 

76 

0.6796 

6.66 

23 

0.9150 

7.62 

50 

0.7778 

6.48 

77 

0.6763 

5.63 

24 

0.9091 

7.57 

51 

0.7735 

6.44 

78 

0.6731 

5.60 

25 

0.9032 

7.62 

52 

0.7692 

6.40 

79 

0.6699 

6.58 

20 

0.8074 

7.47 

53 

a7650 

6.37 

80 

0.6677 

5.56 

27 

0.8917 

7.42 

64 

0.7609 

6.33 

81 

0.6635 

6.52 

28 

0.8861 

7.38 

56 

0.7668 

6.30 

82 

0.6604 

6.50 

28 

0.8806 

7.33 

56 

0.7527 

6.27 

83 

0.6573 

5.47 

ao 

0.8760 

7.29 

57 

0.7487 

6.23 

84 

0.6542 

6.45 

81 

0.8606 

7.24 

58 

0.7447 

6.20 

86 

0.6512 

5.42 

82 

0.8642 

7.20 

59 

0.7407 

6.17 

86 

0.6482 

5.40 

83 

0.8580 

7.15 

60 

0.7368 

6.13 

87 

0.6452 

5.37 

84 

0.8537 

7.11 

61 

0.7330 

6.10 

88 

0.6422 

5.35 

86 

0.S486 

7.07 

62 

0.7292 

6.07 

88 

0.6393 

5.32 

36 

0.8434 

7.02 

63 

0.7264 

6.04 

90 

0.6364 

6.30 

a  U.  8.  Bureau  of  Standards,  United  States  standard  tables  for  petroleum  oils,  Circular  57, 1916,  p.  57. 

Note.— Decrees  Baurn^  mav  be  converted  to  spedflo  gravity  by  adding  130  to  the  number  of  degrees 
Baum^  and  dividing  the  sum  by  140. 


CAPACITIES   OF  ORIFICES. 


Table  15  shows  the  capacities  of  orifices,  for  testing  small  flows  of 
natural  gas,  ranging  from  one-eighth  of  an  inch  to  1^  inches  in 
diameter  in  plates  one-eighth  of  an  inch  thick. 
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MINERALS  AND  MINERAL  LANDS. 

MINBRALS. 

FB0CE88    OF    ORE    GONCENTBATION — OIL    FLOTATION — INFRINGEMENT 

OF  PATENT. 

The  Sullman,  Picard  &  Ballot  patent,  No.  835120,  is  a  process 
of  concentrating  ore  which  consists  in  mixing  the  powdered  ore 
with  water^  adding  a  small  proportion,  a  fraction  of  1  per  cent  on 
the  ore,  of  an  oily  liquid  having  a  preferential  affinity  for  metal- 
fiferons  matter,  agitating  the  mixture  until  the  oil-coated  mineral 
matter  forms  into  a  froth  and  separating  the  froth  from  the  remain- 
der by  flotation.  The  process  is  known  as  an  air-flotation  process 
which  consists  in  the  use  of  a  frothing  agent  in  conjunction  with  such 
agitation  of  the  ore  pulp  as  will  distribute  the  metallic  particles  of 
the  ore  throughout  the  mixture  and  produce  bubbles  of  air  and  bring 
them  in  contact  in  the  mixture  with  the  metallic  particles  so  dis- 
tributed. The  bubbles  will  become  attached  to  such  metallic  par- 
ticles, carrying  them  separately  from  the  particles  of  gangue  up 
through  the  surface  of  the  mixture  where  they  can  be  readily  collected 
by  skimming,  by  overflow,  or  by  the  use  of  other  well-known  devices. 
The  air-flotation  process  was  a  patentable  invention  in  the  discov- 
ery made  in  March,  1905,  and  was  not  anticipated  and  is  valid.  Prior 
to  that  time  there  had  been  no  suggestion  in  the  arts  that  a  propor- 
tion of  0.1  per  cent  of  oil  to  ore  or  of  any  other  fraction  of  1  per  cent 
of  oil  to  ore  would  or  might  result  in  successful  concentration.  While 
the  ascertainment  that  such  a  minute  proportion  of  oil  would  affect 
a  successful  concentration  of  ore  through  a  flotation  process  was  a 
discovery,  it  was  nevertheless  of  such  a  character ,viewed  with  respect 
to  the  circumstances  under  which  it  was  made,  as  to  involve  inven- 
tion and  confer  patentability. 

MineaU  Sepacatioii  v.  Miami  Copper  Co.,  237  Fed.,  609,  pp.  611,  616. 
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ORE   CONCENTRATION   PROCESS — ^VALIDITT  OF  PATENT. 

Claims  1  and  12  of  the  Sullman,  Picard  &  Ballot  patent,  No.  835120, 
for  a  process  of  concentrating  ore,  known  as  the  air-flotation  process, 
are  valid;  hut  claim  9  is  so  indefinite  as  to  render  the  claim  void. 
The  ohject  of  the  Sullman,  Greenway  &  Higgins  patent,  No.  962678, 
dated  June  28,  1910,  for  improvements  in  ore  concentration,  is  to 
separate  metalliferous  matter,  graphite,  and  the  like  from  gangue 
by  means  of  oil,  fatty  acid,  or  other  substances  which  have  a  prefer- 
ential affinity  for  metalliferous  matter  over  gangue,  and  it  is  valid. 
The  Greenway  patent,  No.  1099699,  dated  June  9,  1914,  for  inoiprove- 
ments  in  the  concentration  of  ores  is  invalid,  as  in  view  of  the  prior 
art  the  omission  to  use  acid  in  the  process  can  not  confer  patenta^- 
bility. 

Minerals  Separation  v.  Miami  Copper  Co.,  237  Fed.,  609,  pp.  630-^34-636. 
SULLMAN,    PICARD  A   BALLOT   PATENT — ^VALIDrrT. 

The  process  of  the  Sullman,  Picard  &  Ballot  patent,  dated  Novem- 
ber 6,  1906  (No.  835120),  consists  in  the  use  of  an  amount  of  oil 
which  is  ''critical''  and  minute  compared  with  the  amoimt  used  in 
prior  processes.  The  amount  of  oil  used  in  this  patent  amounts 
to  a  fraction  of  1  per  cent  on  the  ore  and  in  so  impregnating  with 
air  the  mass  of  ore  and  water  used,  by  agitation  or  by  beating  the 
air  into  the  mass  and  causing  to  rise  to  the  surface  of  the  mass  of 
pulp  a  froth  pecuharly  coherent  and  persistent  in  character  and  that 
is  composed  of  air  bubbles  with  only  a  trace  of  oil  in  them  and  which 
carry  in  mechanical  suspension  a  very  high  percentage  of  the  metal 
and  metalliferous  particles  of  ore  that  were  contained  in  the  mass  of 
crushed  ore  subject  to  the  treatment.  This  froth  can  be  removed 
and  the  metal  recovered  by  processes  aside  from  the  patent.  The 
process  of  this  patent  is  not  of  the  metal  sinking  class  and  while  it 
may  be  described  as  a  surface  flotation  process  yet  it  differs  so 
essentially  from  all  prior  processes,  in  its  character,  in  its  simplicity 
of  operation,  and  in  the  resulting  concentrate,  as  to  constitute  a  new 
and  patentable  discovery.  The  prior  processes  required  the  use  of 
so  much  oil  that  they  were  too  expensive  to  be  used  on  lean  ores,  to 
which  they  were  intended  to  have  their  chief  application.  This 
patent  differs  essentially  from  all  previous  results.  Oil,  while  one 
of  the  substances  still  used,  is  used  in  quantities  much  smaller  than 
in  any  previous  patent  and  produces  a  result  never  before  obtained. 
The  minerals  are  obtained  in  a  froth  of  peculiar  character  consisting 
of  air  bubbles,  which  in  their  covering  film  have  the  minerals  em- 
bedded in  such  manner  that  they  form  a  complete  surface  all  over 
the  bubbles.    Although  the  light  and  easily  destructible  air  bubbles 
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are  coyered  with  a  heavy  mineral,  the  froth  ia  stable  and  different 
from  any  froth  known  before,  bemg  so  permanent  in  character  that 
it  win  stand  for  24  hours  without  any  change  having  taken  place. 
The  simplicity  of  the  process  consists  in  adding  a  minute  quantity 
of  oil  to  the  pulp  to  which  acid  may  or  may  not  be  added,  and  then 
agitating  2}  to  10  minutes  and  after  a  few  seconds  collecting  from 
the  surface  the  froth  which  will  contain  a  large  percentage  of  the 
minerals  present  in  the  ore  or  pulp. 

MiBenlB  Separation  v.  Hyde,  242  U.  S.,  261,  p.  268, 

See  Ifinerala  Separation  v.  British  Ore  Concentration  Syndicate,  27  B.  P.  C,  33. 

PATBNT— OIL-FLOTATION  FBO0E8S. 

The  processes  of  oil  flotation  are  divided  into  two  classes  as  recog- 
nized in  the  patents:  The  process  in  the  patents  of  the  first  class  is 
called  the  surface  flotation  process  and  depends  for  its  usefulness  on 
the  oil  used  being  sufficient  to  collect  and  hold  in  mechanical  suspen- 
sion the  small  particles  of  metal  and  metalliferous  compounds,  and 
by  its  buoyancy  to  carry  them  to  the  surface  of  the  mixture  of  ore, 
water,  and  oil,  thus  making  it  possible  by  methods  familiar  to  those 
skilled  in  the  art  to  float  off  the  concentrate  thus  formed  into  a  de- 
sired receptade.  The  waste  material  or  gangue  not  being  affected 
by  the  oil  and  being  heavier  than  water  sinks  to  the  bottom  of  the 
containing  vessel  and  is  disposed  of.  The  process  of  the  other 
daas  is  called  the  metal  sinking  process,  and  reverses  the  action  of 
the  surface  flotation  process  in  which  oil  is  used  to  the  extent  of  4  to 
10  per  cent  of  the  weight  of  the  metalliferous  matter,  depending  on 
the  character  of  the  ore,  for  the  purpose  of  agglomerating  the  oil- 
coated  concentrate  in  granules  heavier  than  water  and  these  then 
sink  to  the  bottom  of  the  containing  vessel  and  permit  the  gangue 
to  be  carried  away  by  an  upward  flowing  stream  of  water. 

Ifmeials  Sepaiation  v.  Hyde,  242  U.  8.,  261,  p.  264. 

PATBNT — TREATMENT  OF  ORB. 

A  number  of  patents  have  been  granted  in  this  and  other  countries 
for  processes  aiming  to  make  practical  use  of  the  property  of  oil  and 
of  oil  mixed  with  acid  in  the  treatment  of  ores,  all  of  which  consists 
of  mixing  finely  crushed  or  powdered  ore  with  water  and  oil  and 
sometimes  with  acid  added,  and  then  in  variously  treating  the  mass 
or  pulp  thus  formed  so  as  to  separate  the  oil  when  it  becomes  im- 
pregnated or  loaded  with  the  metal  and  metalliferous  bearing  parti- 
cles from  the  valueless  gangue,  and  from  the  resulting  concentrate 
the  minerals  are  recovered  in  various  ways. 

Ifineials  Separation  v.  Hyde,  242  U.  S.,  261,  p.  264. 
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PATENT — AFFINITT  OF  OIL  AND  METALS. 

In  the  concentration  of  ores  it  has  become  a  well-known  fact  that 
oil  and  oily  substances  have  a  selective  affinity  or  attraction  for  and 
will  unite  mechanically  with  minute  particles  and  metalliferous  com- 
pounds found  in  crushed  or  powdered  ores,  and  will  not  so  unite 
with  the  quartz,  or  rocky  nonmetalliferous  mineral  called  gangue. 
It  is  also  well  known  that  this  selective  property  of  oils  and  oily 
substances  is  increased  when  applied  to  some  ores  by  the  addition 
of  a  small  amount  of  acid  to  the  ore  and  water  used  in  the  process 
of  conceAtration.  These  principles  were  the  bases  of  the  Haynes, 
British  patent  (1860),  and  United  States  patents,  Everson  (1886), 
Robson  (1897),  Elmore  (1901),  and  Cattermole,  (1904). 

Minerals  Separatioii  v.  Hyde,  242  U.  S.,  261,  p.  264. 
SULLHAN,  PIOARD  A  BALLOT  PATENT — TREATMENT  OF  DIFFERENT  ORES. 

The  Sullman,  Picard  &  Ballot  patent,  No.  835120,  is  not  invalid  on 
the  ground  that  when  different  ores  are  treated  preliminary  tests 
must  be  made  to  determine  the  amount  of  oil  and  extent  of  agita- 
tion necessary  in  order  to  obtain  the  best  results.  Such  variation 
of  treatment  must  be  within  the  scope  of  the  claims,  and  the  cer* 
tainty  which  the  law  requires  in  patents  is  not  greater  than  is  rea- 
sonable, having  regard  to  their  subject  matter.  The  composition  of 
ore  varies  infinitely,  each  one  presenting  its  special  problem,  and  it 
is  impossible  to  specify  in  a  patent  the  precise  treatment  which 
would  be  most  successful  and  economical  in  each  case.  The  process 
deals  with  a  large  class  of  substances  and  the  range  of  treatment 
with  the  terms  of  the  claims,  while  leaving  something  to  the  skill 
of  the  persons  applying  the  patent,  is  clearly  and  sufficiently  definite 
to  guide  those  skilled  in  the  art  to  its  successful  application. 

Minerals  Separation  v.  Hyde,  242  U.  S.,  261,  p.  270. 
SULLMAN,    PIOARD    it    BALLOT   PATENT — CLAIMS   VALID   AND   INVALID. 

The  Sullman,  Picard  &  Ballot  patent.  No.  835120,  for  a  process  of 
oil  concentration  is  valid  as  to  claims  1,  2,  3,  5,  6,  7,  12,  and  invalid 
as  to  claims  9,  10,  11.  The  validity  of  claims  4,  8,  and  13  was  not 
involved  and,  therefore,  not  considered. 

Minerals  Separation  i;.  Hyde,  242  U.  B.,  261,  p.  27L 

ROYALTIES. 

Royalties  received  by  a  lessor  imder  mineral  leases  constitute 
rents  and  profits  of  land. 
Pettit'B  Estate,  In  re,  161  Northwestern,  158,  p.  161. 
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CONSTRUCTION  OF  OPTION  CONTRACT — PAROL  EYIDENCB  TO  EXPTJklN. 

The  owners  of  a  large  tract  of  mineral  land  agreed  with  certain  per- 
sons on  the  sale  of  the  land  at  a  stated  price,  if  snch  second  persons 
socceeded  in  making  a  sale.  The  persons  acting  as  agents,  to  facilitate 
the  sale,  oi^anized  a  corporation,  and  on  their  request  the  owners 
conyeyed  the  land  to  the  corporation,  under  an  agreement  that  the 
corporation  would  reconvey  the  property  to  the  owners,  and  notes 
were  executed  by  the  corporation,  representing  the  price  agreed 
upon.  It  was  not  the  intention  of  any  of  the  parties  to  the  trans- 
action that  if  the  land  was  not  sold  that  the  corporation  should  own 
and  hold  the  land,  and  be  indebted  for  the  amount  of  the  notes. 
Under  such  circumstances  the  deed  to  the  corporation,  in  the  light 
of  the  testimony  as  to  the  intention  of  the  parties,  was  nothing  more 
than  an  option  agreement,  and  on  failure  of  the  original  parties 
undertaking  to  sell  the  land  to  make  a  sale,  the  deed  to  the  corpora- 
tion became  ineffective,  transferred  no  title,  and  did  not  operate  as 
a  mortgage  to  secure  the  payment  of  the  contract  price. 

Arizona  Copper  Estate  v.  Watts,  237  Fed.,  585. 
OPTION  AQBEEMENT  TO  BEPI7BCHA8E — SPECIFIC   PEBFOBMANCE. 

A  mining  company  sold  and  conveyed  a  tract  of  land  owned  by  it 
from  part  of  which  it  had  mined  and  removed  the  coal  and  reserved, 
by  the  terms  of  the  deed,  the  remaining  coal  under  the  tract  con- 
veyed. The  deed  also  contained  an  option  agreement  to  repurchase, 
by  the  grantor,  all  or  any  portion  of  the  premises  conveyed  for  the 
average  price  per  acre  paid  by  the  purchaser.  No  time  was  speci- 
fied in  which  the  repurchase  should  be  made.  Specific  performance 
of  the  agreement  to  repurchase  and  reconvey  will  not  be  decreed 
after  a  lapse  of  more  than  10  years,  and  where  it  Appeared  that  the 
purchaser  had  placed  improvements  on  the  land  to  the  value  of 
14,000,  with  the  knowledge  of  the  grantor  and  where  no  offer  was 
made  to  pay  for  the  improvements. 

Ando  V.  Western  Coal  A  Mining  Go.  (Kansas),  162  Pacific,  844,  p.  347. 

CJONSTRUOnON  OF   CONTRACT. 

The  owner  of  mining  claims  entered  into  an  agreement  with  a 
pordiiaser  whereby  the  owner  sold  to  the  purchaser  seven  mining 
claims,  together  with  improvements  thereon.  By  the  agreement  the 
purchaser  was  given  a  choice  to  pay  the  sum  of  $16,000  in  full  for 
the  mining  claims,  or  to  pay  the  sum  of  $21,000  under  different  cir- 
cumstances. It  was  to  be  paid  in  certain  stated  installments.  If 
the  purchaser  elected  to  pay  $21,000,  the  payments  were  to  be  on 
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different  stated  installments,  $9,000  of  which  was  to  be  paid  out  of 
one-half  of  the.net  proceeds  of  the  mine.  The  purchaser  elected  to 
pay  the  $21,000  upon  the  stated  terms,  and  paid  the  sum  of  $12,000 
thereon  and  obtained  the  deed,  as  provided  in  the  contract.  Under 
the  terms  and  conditions  of  the  contract,  the  seller  could  not  sue  and 
recover,  after  the  expiration  of  a  period  of  ei^t  years,  the  remaining 
$9,000  due  under  the  agreement,  where  it  appeared  that  the  piur- 
chaser  had  not  operated  the  mine  and  there  had  been,  in  fact,  no  net 
proceeds  whatever  from  the  mine. 

JTohiuoB  i;.  Geddes  (Utah),  161  Pacific,  910,  p.  911. 

ADVEB8E  POSSESSION — JUDGMENT  QUIETINQ  TTTLB. 

In  an  action  to  quiet  title  to  minerals  and  mineral  lands,  the 
judgment  of  a  court  of  competent  jurisdiction  settles  and  determines 
the  title  as  against  a  party  claiming  by  adverse  possession  or  other- 
wise, and  a  judgment  which  determines  that  an  adverse  claimant  is 
not  the  owner  and  forbids  him  to  be  such,  and  enjoins  him  from  using 
or  trespassing  upon  the  land,  and  concludes  his  right  to  hold  it  ad- 
versely; and  any  adverse  possession  had  or  claimed  by  him  before  the 
institution  of  the  suit  is  extinguished  by  the  judgment.  On  the  ren- 
dition of  the  judgment,  it  was  his  duty  to  give  up  the  possession  and 
to  refrain  from  any  other  possession  of  the  land  or  claim  to  its  owner- 
ship. Such  a  judgment  breaks  the  continuity  of  the  possession  by 
the  adverse  claimant  and  he  can  not,  in  a  subsequent  suit  against 
the  original  owner,  or  his  grantee,  base  a  claim  of  adverse  possession 
where  such  possession  antedates  the  time  of  the  rendition  of  such 
judgment. 

TenniB  Coal  Go.  v.  Sacket  (Kentucky),  190  Southwostem,  130,  p.  141. 

TITLE — ^ADVERSE   POSSESSION. 

Before  a  person  can  acquire  an  actual  possession  to  coal  land  to 
which  he  had  no  title,  or  only  as  such  grounds  to  claim  ownership 
that  merely  gives  him  a  color  of  title,  he  must  enter  upon  the  land 
with  the  intention  of  holding  it.  If  he  enters  under  a  deed  or  other 
instrument,  he  will  be  in  actual  possession  to  the  extent  of  his  boun- 
daries. The  adverse  possession  necessary  to  create  title  must  have 
for  its  basis  the  existence  of  physical  facts,  9y,ch  as  lyakiyig  Improve- 
ments upon  the  land  or  doing  such  acts  upon  it  as  will  openly  evince 
a  purpose  to  hold  dominion  over  it  in  hostility  to  the  title  of  the  real 
owner,  and  such  as  will  give  notice  to  the  real  owner  that  the  purpose 
is  to  hold  it  in  hostility  to  his  title,  and  such  holding  must  continue 
for  a  period  of  15  years  under  the  statute  of  Kentucky. 

Tennia  Coal  Co.  v.  Sacket  (Kentucky),  190  Southweetem,  130,  p.  135. 
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RELIEF  FROM  FRAUD — ^FALSE  REPRE8EKTATION. 

The  statute  of  Washington  provides  that  a  cause  of  action  for 
relief  on  the  ground  of  fraud  is  not  to  be  deemed  to  hare  accrued 
until  the  discovery,  by  the  aggrieved  parties,  of  the  facts  consti- 
tuting the  fraud  (Kemington  Code,  1916,  sec.  159).  Under  this 
statute  a  part  owner  of  a  mining  property  who  was  induced  by  the 
fraudulent  representations  of  another  part  owner  to  join  in  the  sale 
of  the  mining  property  at  a  stated  price,  where  the  purchaser  was, 
in  fact,  offering  a  greater  price,  and  the  coowner  conducting  the  nego- 
tiations falsely  represented  that  the  purchaser  would  pay  no  more 
than  the  stated  price  and  that  he  would  not  deal  with  any  other 
coowner,  is  entitled  to  sue  and  recover  at  any  time  within  three  years 
after  the  discovery  of  the  fraud. 

iBDgley  V.  DevHn  (Waahington),  163  Pacific,  395,  p.  396. 


SUBFACB  AHD  MINSBAIiS-OWNBBSHIP  AND  SBVBBANCB. 
SEPARATION  OF  8XJRFA0E  AND  MINERALS — ADVERSE  POSSESSION. 

The  statute  of  Kentucky  (section  2366a)  provides  that  where  the 
mineral  or  other  interest  passed  from  a  claimant  in  possession  of  the 
surface  of  the  land,  the  continuity  of  the  possession  of  such  mineral 
interest  shall  not  be  deemed  thereby  to  be  broken;  but  the  pos- 
session of  the  surface  by  the  original  claimant  from  whom  such 
mineral  interest  or  rights  passed  shall  be  deemed  to  be  the  possession 
of  the  mineral  interest  for  the  benefit  of  the  person,  or  his  heirs,  to 
whom  the  mineral  interest  shall  have  passed.  Under  this  statute 
where  the  vendor  of  the  coal  was  in  possession  of  the  land  at  the  time 
of  the  sale  of  the  coal  interest,  and  therefore  remained  in  possession 
until  the  adverse  possession  of  the  land  was  held  for  the  statutory 
period,  counting  from  the  first  acquiring  actual  possession  of  the 
knd,  then  the  title  of  his  grantee  of  the  coal  was  made  valid.  But, 
if  before  the  statutory  period  of  adverse  possession  had  expired,  the 
original  vendor  had  abandoned  possession  of  the  land  or  had  been 
evicted  by  the  owner  of  the  paramount  title,  then  the  title  of  his 
grantee,  Ihe  present  claimant,  failed. 

Temus  Coal  Go.  v.  Socket  (Kentucky),  190  Southwestern,  130,  p.  141. 

POSSESSION   OF  MINEBAL  INTERESTS. 

Section  2326a  of  the  statute  of  Kentucky  provides  that  the  pos- 
session of  the  surface  of  land  shall  be  deemed  the  possession  of  the 
mineral  interests  therein,  for  the  protection  of  the  owners  of  the 
mmerals.  But  this  statute  makes  no  change  in  the  character  of  the 
estate  of  the  owners  of  mining  leases,  but  only  protects  them,  and 
the  leasehold  remains  personalty  notwithstanding  the  statute,  and 
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does  not  make  members  of  a  partnership  holding  leases  of  mining 
interests  joint  tenants. 

United  Miniiig  Go.  v,  Morton  (Kentucky),  192  Southwestern,  79,  p.  82. 

m 

BIGHT  TO  SUPPORT. 

Where  different  strata  of  earth  are  owned  by  different  persons  and 
there  is  no  contract  or  statute  which  affects  their  interest,  the  owner 
of  the  upper  stratum  has  an  absolute  right  to  have  his  land  supported 
in  its  natural  position  by  the  stratum  below. 

Audo  V.  Western  Cool  A  Mining  Go.  (Kansas),  162  Pacific,  344,  p.  346. 

SUBSIDENCE   OF   SUBFAGE — ^LIABILrrT. 

A  coal-mining  company  owned  a  tract  of  land  underlain  with  coaL 
The  company,  after  it  had  mined  out  and  removed  the  coal  from 
under  a  part  of  the  land,  sold  the  surface  of  the  entire  tract  to  a  pur- 
chaser for  a  valuable  consideration  and  conveyed  the  same  by  war- 
ranty deed,  but  reserved  to  itself  the  remaining  coal  and  other 
minerals  imder  the  tract  with  the  right  to  mine  and  remove  the  same. 
The  purchaser  knew  that  the  coal  had  been  mined  from  under  a  part 
of  the  premises  conveyed  but  he  had  no  knowledge  of  the  manner  in 
which  the  coal  had  been  mined  nor  the  adequacy  of  the  supports  or 
pillars  to  protect  the  surface.  Under  such  circumstances  the  right 
to  subjacent  support  for  the  surface  was  not  waived  by  the  purchaser 
but  he  is  entitled  to  have  his  land  supported  in  its  natural  condition, 
and  the  deed  on  its  face  conveyed  the  subjacent  support  for  the  reason 
that  such  support  was  a  part  of  the  real  property  therein  described  and 
there  was  nothing  to  indicate  that  support  for  the  surface  above  the 
coal  had  been  withdrawn  but  the  purchaser  had  the  right  to  assume 
that  such  support  had  been  left,  and  the  mere  knowledge  of  the  fact 
that  the  coal  had  been  mined  from  a  portion  of  the  land  does  not 
constitute  a  waiver  of  the  right  to  subjacent  support  conveyed  by  the 
deed.  Under  the  deed  the  grantor,  the  coal  company,  was  liable  to 
the  grantee  for  damages  caused  by  the  subsequent  subsidence  of  the 
surface. 

Audo  V.  Western  Coal  A  Mining  Go.  (Kansas),  162  Pacific,  344,  p.  346. 

COAL  AND  COAX  LANDS. 

GENERAL   CONTRACT  TO  SELL   COAL — CONSTRUCnON   AND  COMPENSA- 
TION. 

A  corporation  organized  for  the  piupose  of  selling  the  products 
of  a  number  of  coal  mines,  but  itself  mining  no  coal,  employed  a  third 
person  ''as  its  sole  agent  in  the  matter  of  the  sale  of  its  product 
within  a  stated  territory.'*    In  the  construction  of  this  contract  the 
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word  "products"  was  not  intended  nor  understood  to  mean  the  entire 
output  of  the  mines  represented.  Looking  at  the  contract  as  a  whole 
the  word  ''product"  would  appear  to  mean  the  coal  which  was  turned 
oyer  to  the  selling  corporation  for  sale,  or  in  respect  of  which  the  sell- 
ing corporation  in  some  manner  represented  the  coal  companies,  hut 
it  can  not  be  construed  to  include  as  well  coal  sold  by  the  coal-mining 
companies  themselves  and  upon  which  the  selling  corporation  itself 
received  no  compensation. 
Gatewood  v.  New  Biver  Goniolidated  Goal  &  Coke  Co.,  239  Fed.,  65,  p.  59. 

AGBEEMENT  FOR  HAULING  COAL — EXCLUSIVE  USE. 

A  finn,  as  the  owner  of  coal  lands  and  coal  mines,  agreed  with  a 
railroad  company  that  it  shoidd  put  in  a  side  track  for  them  from 
its  main  track  to  their  coal  mine.  It  was  agreed  that  the  firm  should 
furnish  the  right  of  way,  do  the  grading  and  bridging  from  the  main 
track  to  the  mine,  and  pay  a  part  of  the  first  cost  of  ties.  The  rail- 
road company  was  to  fumish  the  material  necessary  for  laying  the 
tracks  and  to  maintain  them  at  its  own  expense.  The  consideration 
for  the  agreement  was  that  the  railroad  company  was  to  have  exclu- 
sive use  of  the  tracks  and  right  of  way  for  its  use  in  handling  the  busi- 
ness of  other  industries  except  coal  mines  that  might  be  located  adja- 
cent to  the  tracks  or  reached  from  this  branch  road  and  that  it  should 
conduct  its  business  in  a  manner  which  would  not  interfere  with  the 
business  of  the  coal  firm.  From  the  entire  contract  and  the  situation 
of  the  parties  when  the  contract  was  made,  it  was  the  intention  that 
the  owners  of  the  coal  mine  were  to  have  a  monopoly  of  the  use  of  the 
tracks  so  far  as  coal-mine  products  were  concerned  in  return  for  the 
large  amount  of  money  they  expended  in  its  construction,  and  the 
railroad  company  was  to  have  exclusive  use  of  the  track  or  a  mo- 
nopoly of  its  use  for  all  purposes  except  coal  mines.  Under  the 
agreement  and  the  acts  of  the  parties  and  their  construction  thereof, 
and  owing  to  the  large  amoimt  of  money  invested  by  the  mine  owners 
in  the  right  of  way  and  railroad  tracks,  the  railroad  company  has  no 
light,  without  their  consent,  to  transfer  cars  of  coal  from  its  main 
line  and  haul  them  over  the  branch  line,  to  the  interference  of  the 
bnsiness  of  the  coal-mine  owners. 

Sholl  Btm.  v.  Pecnia,  etc.,  Ry.  Co.  (IllinoiB),  114  Northeastern,  629,  p.  532. 

widow's  bower  in  mines. 

Where  mines  have  been  opened  in  the  lifetime  of  the  husband  and 
the  right  of  dower  exists,  the  widow  becomes  seized  of  her  right  and 
is  entitled  to  dower  in  mines  opened  and  used  during  the  lifetime  of 
her  husband.  Where  the  dower  interest  can  not  be  assigned  by 
reason  of  the  irregularities  in  the  veins  of  coal  and  the  premises  are  of 

W623»— Bull.  162—17 2 
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such  nature  that  dower  can  not  be  assigned  by  metes  and  bounds, 
the  court  may  order  in  lieu  of  such  assignment  that  the  widow  be 
entitled  to  and  receive  one-third  of  the  rents  and  profits  of  the  mineB 
opened  and  worked  from  the  date  of  the  decree. 
Shupe  V.  Rainey  (PeniiByliraDiA),  100  Atlantic,  13S,  p.  141. 

ASSIGNMENT     BY     HUSBAND     FOR     BENEFIT     OF     GBEDITOBS — ^WIFE's 

INTEREST. 

The  owner  of  lands  containing  coal  conveyed  a  certain  part  of  the 
coal  in  place  by  deed  in  which  his  wife  did  not  join.  Subsequently 
the  husband  on  his  insolvency,  by  a  deed  or  assignment  for  the  benefit 
of  his  creditors,  conveyed  the  surface  of  the  land  to  an  assigQoe  by 
deed  in  which  the  wife  joined.  The  joining  of  the  wife  in  the  deed  or 
assignment  in  no  way  affected  her  interest  in  the  coal  previously 
conveyed  by  the  husband  and  she  still  held  her  dower  right  in  the 
coal. 

Shupe  V.  Rainey  (Pennsylvama),  100  Atlantic,  138,  p.  139. 

CONVEYANCE     INCLUDING     COAL — BREACH     OP    COVENANT — ^DAMAGES. 

A  deed  conveying  a  tract  of  land  and  expressly  including  three 
acres  of  coal,  with  a  general  covenant  of  warranty  includes  in  the 
covenant  coal  as  well  as  the  land;  and  the  failure  of  the  grantor  to 
deliver  the  coal,  it  having  been  mined  out  and  removed,  is  a  breach  of 
the  covenant  and  entitles  the  grantee  to  sue  for  such  breach  and 
recover  damages.  In  such  case  the  measure  of  damages  is  the  rela- 
tive value  of  the  coal  mined  out  of  the  three  acres  before  the  plaintiff 
purchased,  as  compared  with  the  value  of  the  entire  tract  estimated 
with  regard  to  the  price  fixed  by  the  parties  to  the  deed  for  the  entire 
purchase;  and  it  is  proper  for  either  party  to  give  evidence  of  the 
peculiar  advantages  or  disadvantages  of  the  part  lost  with  reference 
to  the  whole  of  the  land. 

Clark  V.  Steele  (Pennsylvama),  99  Atlantic,  1001,  p.  1003. 

SALE   OF   COAL   IN    PLACE — ^REMOVAL — DAMAGES. 

In  an  action  for  the  breach  of  a  covenant  in  a  deed  conveying  cer- 
tain described  land  and  the  coal  in  place  imder  a  certain  part  of  the 
land,  where  it  appeared  that  the  coal  had  been  mined  out  and  removed 
without  the  knowledge  of  the  grantee,  the  burden  of  proving  the 
relative  value  of  the  part  to  which  the  title  failed  as  compared  with 
the  value  of  the  whole  property  was  on  the  complainant.  He  had  a 
right  to  show  also,  where  it  was  demonstrated  that  the  practical 
effect  of  the  removal  of  the  coal  would  be  a  subsidence  of  the  surface 
and  consequent  injury  to  buildings,  springs,  etc.,  and  under  such 
circumstances  the  grantor  is  not  hmited  in  his  damages  to  the  market 
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value  of  the  coal,  but  may  include  the  probable  damages  to  buildings, 
springs,  and  streams  that  have  ensued  or  that  are  likely  to  ensue  from 
the  removal  of  the  coal.  Such  proof  is  admissible  imder  a  general 
ayerment  of  the  resulting  damages  as  these  would  necessarily  follow 
from  the  breach  of  the  covenant  and  was  in  the  contemplation  of  the 
parties  where  it  was  shown  that  both  were  familiar  with  the  general 
effect  on  the  surface  of  the  removal  of  imderlying  coal,  including 
the  damage  of  the  subsidence  of  the  surface  and  consequent  injury 
to  buildings,  springs,  and  streams.  It  will  be  presimied  that  the 
parties  had  these  things  in  mind  when  they  contracted  for  the  sale 
of  the  land  with  the  coal  in  place  imder  the  farm  buildings  on  the 
premises. 
Clark  V.  Steele  (PennsylYBnia),  99  Atlantie,  1001,  p.  1003. 

SAI-E  OP  MINERALS — SUBJACENT  SUPPORT — ^WAIVSB. 

The  right  to  subjacent  support  to  the  surface  where  land  has  been 
sold  with  the  reservation  of  the  underlying  coal  would  not  be  deemed 
to  have  been  waived  or  lost  to  the  owner  of  the  surface  imless  such 
clearly  appears,  from  the  language  used  in  the  conveyance  to  have 
been  the  intention  of  the  parties,  as  an  owner  of  the  surface  is  entitled 
to  actual  absolute  support  unless  that  obligation  is  distinctly  removed. 

Audo  V.  Western  Coal  A  Mining  Co.  (Kansas),  162  Pacific,  344,  p.  346. 

OIL  AND  OIL  LANDS. 
EFFECT  OF  PRESIDENT'S   WITHDRAW  AI.  ORDER. 

m 

Jn  the  absence  of  a  discovery  on  an  oil  location  on  the  public  do- 
main and  in  the  absence  on  the  part  of  the  locator  of  diligent  prose- 
cution of  work  leading  to  discovery,  even  though  in  actual  possession 
of  the  claim,  as  against  the  Government,  he  is  subject  at  any  time 
to  the  possibility  of  a  withdrawal  of  the  privileges  offered  to  bim 
and  consequently  a  termination  of  his  rights. 

United  States  v.  McCutchen,  238  Fed.,  576,  p.  579. 

OFFER   AND  ACCEPTANCE. 

The  Government  by  its  mining  statutes  offers  to  qualified  persons 
the  minerals  in  the  public  domain  through  the  means  of  mining  loca- 
tions, and  if  the  offer  so  made  is  accepted  by  compUanoe  and  by  the 
location  of  a  valid  mining  claim  in  accordance  with  the  statutory 
provisions  before  the  offer  is  withdrawn  by  the  Government,  it  can 
not,  after  acceptance,  withdraw  its  order,  as  the  offer  then  becomes 
binding  and  an  enforceable  obligation.  But  the  Government  may 
withdraw  its  offer  at  any  time  before  acceptance  and  the  situation 
stands  as  if  no  offer  had  ever  been  made. 

United  Statee  v.  McCutchen,  238  Fed.,  575,  p.  583. 
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LANDS  YALUABLB   FOB  OIL. 

The  act  of  Congress  February  11,  1897  (29  United  States  Statutes 
at  Large,  p.  526),  provides  that  any  person  authorized  to  enter  land 
under  the  mining  laws  may  enter  and  patent  lands  containing  petrole- 
um or  other  mineral  oils,  and  chiefly  valuable  therefor,  under  the 
provisions  of  the  statute  relating  to  placer  mineral  claims.  Con- 
gress intentionally  limited  the  right  of  entry  upon  and  location  of 
oil  lands  to  such  lands  as  were  '* chiefly  valuable  therefor,"  meaning 
thereby  land  chiefly  valuable  for  oil.  The  Government  as  sovereign 
proprietor  had  a  right  to  say  what  lands  might  be  entered  and 
located  for  oil.  It  could-  deny  the  right  to  enter  upon  any  such 
land  and  could  limit  the  land  upon  which  entry  might  be  lawfully 
made;  and  as  to  any  land  not  within  the  category  specified  in  the 
statute  there  was  no  invitation  or  authorization  given  to  enter  them 
and  no  right  could  be  obtained  as  against  the  Government  by  so 
doing. 
United  States  v.  McCutchen,  238  Fed.,  575,  p.  583. 

WITHDBAWAL  OBDER. 

The  President's  withdrawal  order  of  September  27,  1909,  was 
eflfective  to  withdraw  from  location,  entry,  exploration,  and  exploita- 
tion land  attempted  to  be  located  as  an  oil  location,  but  upon  which 
the  locator  had  made  no  discovery  of  oil  and  was  not  in  a  diligent 
prosecution  of  work  for  the  purpose  of  discovery,  prior  to  or  at  the 
time  of  the  withdrawal  order. 

United  States  t).  McGatchen,  238  Fed.,  575,  p.  593. 

OONTBAOT  OF  SALE — OONSTBUCTION — ^BIOHT  OF  POSSESSION. 

A  contract  for  the  sale  of  certain  oil  lands  provided  that  the  pur- 
chaser should  not  remove  nor  cause  to  be  removed  any  of  the  pipe 
or  casing  in  any  well  drilled  on  the  property;  and  it  also  provided 
that  in  the  event  of  a  forfeiture  by  the  purchaser  of  the  right  to 
purchase  the  land  \mder  the  contract,  the  casings  and  derricks 
should  revert  to  the  vendor.  The  contract  did  not  in  express  terms 
give  the  purchaser  the  right  of  possession  of  the  property,  but  in 
view  of  the  wording  of  the  contract  and  of  the  subsequent  conduct 
of  the  parties  to  the  contract,  immediate  entry  by  the  pur<^asing 
company  upon  the  land  and  the  development  of  oil  thereon  were 
within  the  contemplation  of  the  parties.  Such  contracts  may  by 
implication  give  the  right  of  immediate  possession  by  the  vendee 
where  no  express  provision  to  that  effect  is  contained  in  the  coatract 
of  sale. 

FiMcis  V.  West  Virginia  QU  Co.  (Cidifomia),  162  Pacific,  394,  P-  3aS. 


EMINENT  DOMAIN. 

RIGHT   OF  WAT   OYEB  MINING   CLAIM — DAMAGES. 

A  railroad  company  appropriated  a  strip  of  land  for  a  right  of  way 
over  a  mining  claim.  The  mining  company  was  entitled  to  recover 
whatever  damages  it  might  suffer  by  reason  of  the  appropriation  of 
the  right  of  way  and  the  railroad  company  could  not  escape  liability 
ormitigate  the  damages  by  permitting  or  offering  to  permit  the  mining 
company  to  use  a  part  of  the  appropriated  land  for  dumping  purposes. 

Bincjuun,  etc.,  R.  Go.  v.  North  Utah  Mining  Go.  (Utah),  162  Pacific,  65,  p.  68. 

BASEMENTS — ^USB  OF  8UBFAGE. 

Whether  an  easement  in  connection  with  mineral  land  and  mining 
rights  is  appurtenant  or  in  gross  is  to  be  determined  mainly  by  the 
nature  of  the  right  and  the  intention  of  the  parties  creating  it.  If 
an  easement  granted  is  in  its  nature  an  appropriate  and  useful  ad- 
junct of  the  land  conveyed,  having  in  view  the  intention  of  the  grantee 
as  to  its  use,  and  there  is  nothing  to  show  that  the  parties  intended 
it  to  be  a  mere  personal  right,  it  will  be  held  to  be  an  easement 
appurtenant  to  the  land  and  not  in  gross.  Under  this  rule  where  a 
deed  conveyed  the  minerals  in  a  tract  of  land-  with  the  privilege  of 
using  the  surface  for  rights  of  way  for  tramways  or  other  means  of 
transportation  necessary  for  the  removal  of  the  minerals  as  well  as 
the  minerals  from  other  lands,  it  will  be  considered  that  the  minerals 
so  conveyed  should  be  mined  or  produced  in  connection  with  the 
minerals  from  other  lands,  owned  or  acquired  by  the  grantee  and 
the  easement  created  by  the  grant  of  the  rights  of  way  will  be  appur- 
tenant to  the  grant  of  the  minerals  contained  in  the  land,  it  being 
reasonably  necessary  that  the  minerals  in  such  land  should  be  mined 
in  connection  with  the  minerals  from  other  lands.  The  grant  of 
such  an  easement  will  confer  upon  the  grantee  the  right  to  construct 
a  tramroad  across  the  surface  of  the  land  containing  the  minerals 
granted,  for  the  purpose  of  hauling  timber  across  the  same  to  be 
manufactured  into  lumber  to  be  used  in  mining  the  minerals  granted, 
as  well  as  the  minerals  produced  by  the  grantee  from  other  lands  in 
connection  with  the  minerals  so  granted. 

Jonea  v.  Island  Greek  Goal  Go.  (West  Virginia),  91  Southeastern,  391,  p.  393. 
EASEMENT — BRIGHT  OF  WAT  FOR  HAULING. 

The  purchaser  of  coal  in  place  from  the  owner  of  the  surface, 
who  in  connection  with  the  purchase  of  the  coal  obtained  an  ease- 
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ment  over  the  surface  for  mining  operations  both  as  to  the  coal 
purchased  and  as  to  coal  owned  and  mined  by  him  in  other  lands, 
together  with  the  right  to  haul  or  transport  lumber  manufactured 
from  timber  on  his  lands  and  used  in. his  mining  operations,  will  not 
be  prohibited  from  hauling  all  of  such  lumber  across  the  land  over 
which  he  has  the  easement  upon  a  tramroad  constructed  by  him  and 
he  may  haul  and  sell  the  excess  of  lumber  above  that  actually  needed 
for  mining  purposes  where  this  is  merely  incidental  to  the  main 
business  of  producing  minerals  from  his  other  lands. 
Jones  V.  Island  Oeek  Goal  Qo.  (West  Viiginia).  91  SouUieastem,  391,  p.  394. 


MINING  TERMS. 

JX7DICIAL   NOTICE — INSTANOBS. 

The  courts  of  Kansas  take  judicial  notice  of  the  following  mining 
terms:  Air  courses  are  passages  for  conducting  air.  Entries  are  those 
places  in  coal  mines  used  b}-  the  miners  and  other  workmen  generally 
in  going  to  and  from  their  work  and  through  which  coal  is  hauled  from 
the  necks  of  the  rooms  to  the  foot  of  the  shaft.  Room  is  a  place 
in  which  a  miner  works  and  from  which  he  mines  coal.  Traveling 
ways  are  places  for  the  passage  of  workmen  to  and  from  different 
parts  of  the  mine. 

Biciido  V.  Central  Coal  &  Coke  Co.  (Kansas),  163  Pacific,  641,  p.  643. 

OIK  MEN. 

Gin  men  are  persons  employed  in  a  mine  to  clean  up  and  remove 
fallen  slate  or  rock  or  other  material  from  the  roof. 

North  Jellico  Coal  Co.  v.  Stewart  (Kentucky),  191  Southwestern,  451,  p.  463. 

JACK  POLE. 

A  jack  pole  is  an  iron  rod  or  pole  sharpened  at  each  end  and  one 
end  18  inserted  in  the  roof  and  the  other  in  the  floor  of  the  mine  in 
notches  made  for  this  purpose.  A  wire  cable  runs  from  the  jack 
pole  to  the  coal  cutting  machine  and  the  pole  operates  as  a  stay  to 
hold  the  machine  in  place  during  its  operation,  and  by  reason  of  the 
weight  and  the  force  necessary  to  run  the  coal  cutting  machine  the 
jack  pole  and  the  wire  cable  are  subjected  to  a  strain  of  something 
like  4yOOO  pounds. 

Tennoflseo  Coal,  Iron  k  Railway  Co.  v,  Wiggins  (Alabama),  73  Southern,  516, 
p.  617. 

MACHINE   HELPEB. 

A  machine  helper  is  a  man  who  assists  a  machine  runner  and  his 
duty  is  to  set  up  and  hold  the  iron  rod  or  jack  pole  which  runs  a  wire 
cable  to  the  machine,  and  he  is  subject  to  the  orders  of  the  machine 
numer. 

Tennomoo  Coal,  Iron  k  Railway  Co.  v,  Wiggins  (Alabama),  73  Southern,  516, 
p.  617. 

MACHINE   RUNNEB. 

A  machine  runner  is  a  man  who  operates  the  levers  which  control 
the  electric  power  driving  a  coal  cutting  machine  and  he  determines 
the  movements  of  the  machine  while  in  operation. 

Tennaoee  Coal,  Iron  <fc  Railway  Co.  v.  Wiggins  (Alabama),  73  Southern,  516, 
p.  517. 
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MINE. 

Under  the  Alabama  code  the  term  ''mme"  applies  alike  to  ore  and 
coal  mines. 
SloflB-SheflSeld  Steel  <fc  Iron  Go.  v.  Bearden  (Alabuna),  74  Soathern,  230,  p.  231. 

80LLBBS. 

Sollers  are  intermediate  platforms  between  the  leveb  in  a  ladder- 
way,  the  purpose  of  which  is  to  stop  anything  falling  through  the 
ladderway,  or  to  catch  a  man's  body  in  case  he  faUs. 

Drajicevic  v.  Champion  Copper  (llichigMi),  160  Northwestern,  451. 


MINING  CORPORATIONS. 

BANKBUFTCT — SALE  OF  PBOPEBTT — ^BIGHTS  OF  STOOKHOLDBBS. 

Where  the  property  of  a  bankrupt  mining  corporation  was  sold  on 
foredosure  proceedings,  the  referee  may  properly  refuse  to  confirm  the 
sale,  where  between  the  time  of  the  sale  and  confirmation  it  was  shown 
that  the  property  had  greatly  appreciated  in  value  and  was  then 
worth  more  than  sufficient  to  pay  all  the  debts  of  the  corporation. 
Under  such  circumstances  it  is  proper  to  give  the  stockholders  time  to 
form  a  committee  to  purchase  the  property  under  an  order  providing 
that  no  stockholders'  committee  should  be  allowed  to  bid  except  upon 
the  condition  that  all  the  indebtedness  and  administrative  expenses 
should  be  paid,  but  making  the  sale  competitive  and  authorizing  the 
property  to  be  sold  to  the  committee  or  person  bidding  the  highest 
figure. 

Ohio  Copper  BGning  Co.,  In  re,  237  Fed.,  4d0,  p.  493. 

POWEB  TO  ENCUMBEB  MINING   PBOPEBTT. 

The  Statute  of  Colorado  (R.  S.  1908,  sec.  865)  prohibits  manufactur- 
ing corporations  from  encumbering  their  mining  property,  or  the 
principal  machinery  incident  to  the  production,  unless  approved  by  a 
majority  of  the  stockholders.  Under  this  statute  a  lease  is  held  to 
be  an  encumbrance  and  a  lease  of  mining  property  made  by  a  mining 
corporation  without  a  legal  vote  of  the  majority  of  the  stockholders 
approving  it  is  voidable  by  the  stockholders,  and  the  right  of  action 
to  avoid  it  is  in  them  and  not  in  the  corporation. 

Elder  v.  Western  Mining  Co.,  237  Fed.,  966,  p.  971. 

POWEB  TO    ENCUMBEB  PBOPEBTT — ^WANT    OP  VALIDATION    BY  STOCK- 

HOLDEB8. 

A  statute  prohibiting  a  mining  corporation  from  encumbering  its 
property  without  the  consent  of  a  majority  of  the  stockholders  can 
not  be  construed  to  make  valid  a  lease  made  by  the  directors  until 
it  has  been  repudiated  by  a  majority  of  the  stockholders;  but  until  a 
lease  has  been  submitted  at  a  proper  and  legal  meeting  of  the  stock- 
holders and  a  majority  of  all  the  shares  of  stock  have  voted  in  favor 
of  the  lease,  the  lease  is  voidable  by  any  stockholder  and  any  such 
stockholder  may  maintain  a  suit  to  set  it  aside  without  the  assent  of 
the  majority  of  the  stockholders  or  of  any  stockholder  other  than  him- 
self to  a  repudiation  of  the  lease. 

Elder  v.  Western  Kining  Co.,  237  Fed.,  966,  p.  973. 
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AUTHORITY  OF  PRESIDENT. 

The  president  of  an  oil  company  has  no  power  ordinarily  to  render 
the  company  liable  by  the  execution  of  a  note  in  its  name  payable  to 
himself;  but  where  the  by-laws  of  the  corporation  give  its  president 
and  treasurer  authority  to  sign  such  notes  as  he  might  find  necessary 
for  the  procurement  of  funds  for  the  corporation,  and  resolutions  of 
the  directors  were  passed  from  time  to  time  authorizing  the  president 
and  treasurer  to  borrow  for  the  use  of  the  corporation  such  funds  as 
he  thought  necessary,  this  constitutes  such  conduct  on  the  part  of  the 
corporation  and  its  officers  as  to  give  authority  to  the  president  to 
borrow  from  himself  as  well  as  others  and  to  execute  notes  of  the  cor- 
poration to  himself  for  the  loans  made.  The  knowledge  of  the  cor- 
poration of  the  acts  of  the  president  in  borrowing  money  from  himself 
and  executing  the  notes  of  the  corporation  therefor  and  the  use  of  the 
money  so  borrowed  on  the  authority  of  the  directors  constitute  a  com- 
plete ratification  of  the  acts  of  the  president  and  renders  the  corpora- 
tion hable  on  such  a  note. 

Eastman  Oil  Co.,  In  n,  238  Fed.,  416,  p.  418. 

INSOLVENCY — ^DISTRIBUTION — INTEREST. 

Where  a  mining  corporation  is  insolvent  and  all  the  claims  are  of 
equal  dignity,  the  dividend  and  distribution  are  made  upon  the  basis 
of  the  amount  of  principal  due  at  the  time  the  property  passed  into 
the  hands  of  the  court;  but  where  there  are  claims  of  different  classes 
or  rank  and  no  class  or  rank  is  secured  by  mortgage  of  real  estate  the 
mortgagee  is  entitled  to  the  principal  and  to  the  interest  that  accrues 
up  to  the  time  of  the  satisfaction,  although  in  the  distribution  nonUen 
creditors  may  receive  no  dividend  whatever. 

Spring  Coal  Co.  v.  Keech,  239  Fed.,  48,  p.  53. 

AUTHORmr  OP  DIRECTOR.     • 

The  director  of  a  mining  corporation  has  no  authority  by  virtue  of 
his  office  to  make  a  mortgage  disposing  of  all  of  the  corporation's 
property  and  disabling  it  from  canying  on  its  business  in  the  absence 
of  any  previous  exercise  of  such  authority  or  custom  or  the  holding  out 
of  him  by  the  corporation  as  having  such  authority. 

Danglade  &  Robinson  Mining  Co.  v.  MexicoJoplin  Land  Co.  (MiflBouri  App.),  ItO 
Bouthweitem,  35,  p.  37. 

AUTHORTFT  OF  GENERAL  MANAGER. 

A  director  of  a  mining  corporation  who  was  elected  "to  manage  the 
mining  interests  and  property  of  the  company,"  but  whose  business 
as  such  manager  was  confined  to  the  phjrsical  management  of  the 
property  and  the  carrying  on  of  the  mining  operations,  aad  who  as 
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treasurer  had  the  right  to  collect  in  money  belonging  to  the  corporis 
don  and  to  disburse  the  same,  including  the  payment  of  debts,  has  no 
implied  authority  to  mortgage  or  pledge  the  machinery  of  the  cor- 
poration to  pay  or  secure  a  debt  of  the  corporation. 

Danglade  &  Robinson  Mining  Co.  v.  Mexico-Joplin  Land  Go.  (Minouri  App.)»  190 
Southweetem,  35,  p.  37. 

MOBTGAOE   TO   SECURE   DEBT — CONVERSION — SET-OFF. 

A  director  and  general  manager  of  a  mining  corporation  without 
authority  executed  a  mortgage  on  certain  mining  machinery  to  se- 
cure the  debt  of  the  company  due  and  owing  as  royalty  on  the  ore 
mined.  In  an  action  by  the  mining  company  against  the  mortgagee 
and  creditor  for  conversion  of  the  mining  property,  it  was  held  by  the 
court  that  the  mining  company's  debt  was  so  closely  connected  with 
the  creditor  and  mortgagee's  conversion  of  the  property  that  the  one 
should  be  set-off  against  the  other,  and  that  the  mining  company 
should  recover  the  difference  only  between  the  debt  and  the  reason- 
able value  of  the  property  converted. 

BaDj^bMie  &  Robinson  Mining  Co.  v,  Mexico-  Joplin  Land  Co.  (Minouri  App.)»  190 
Southwestern,  35,  p.  38. 

INSURABLE   INTERESTS   IN  MINING   PROPERTY — ^JUDGMENT  LIENS. 

A  mining  corporation  purchased  certain  mining  property  subject 
to  the  hen  of  a  judgment  taken  against  the  seller.  The  mining  com- 
pany 83  such  purchaser  had  an  insurable  interest  in  the  property  and 
caused  the  same  to  be  insured  for  its  benefit.  On  the  destruction  of 
the  property  by  fire,  on  the  collection  of  the  insurance  money  by  the 
purchasing  corporation,  the  fund  thus  derived  from  the  insurance 
was  not  subject  to  the  lien  of  the  judgment  and  did  not  stand  in  its 
stead,  and  when  the  property  was  destroyed  the  security  for  the  judg- 
ment was  wiped  out. 

Yogelstein  v.  Athletic  Mining  Co.-  (MisBOuri  App.),  192  Southwestern,  760,  p.  763. 

LIABILmr  ON   PURCHASE   OP  MINING   PROPERTY. 

A  mining  corporation  by  merely  purchasing  material  and  machinery 
of  another  company  does  not  assume  any  habihty  under  a  judgment 
rendered  against  the  selling  company  and  to  which  the  purchasing 
company  was  not  a  party  except  that  it  takes  the  fixtures  and  prop- 
erty subject  to  the  judgment  lien.  The  judgment  creditor  under  such 
circumstances  can  proceed  only  against  the  property. 

Yogelstein  v.  Athletic  Mining  Co.  (MisBouri  App.),  192  Southwestern,  760,  p.  763. 

STATUTE   MAKING   REMOVAL  A   CRIME — YALIDFrT. 

The  statute  of  Arizona  (Civil  Code  Arizona,  1913,  par.  2228)  at- 
temptiDg  to  prevent  the  removal  of  a  suit  from  a  State  court  to  a 
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Federal  court  by  a  foreign  corporation  by  making  an  attempt  to  so 
remove  a  case  a  misdemeanor  is  unconstitutional  and  void. 

Copper  Queen  Coneolidated  Mining  Co.  v.  Jones,  237  Fed.,  131,  p.  ISd. 
See  Deutsch  v,  Alaska-Gastineau  Mining  Co.,  237  Fed.,  215. 
See  Key  v.  West  Kentucky  Coal  Co.,  237  Fed.,  258. 

MATTERS   DETERMINED   ON    PETITION   FOR   REMOVAL. 

In  a  proceeding  on  the  part  of  a  mining  corporation  to  remove  a 
cause  from  a  State  court  or  to  remand  to  a  State  court  an  action  re- 
moved to  a  FederlEd  court,  the  question  whether  the  facts  are  prop- 
erly pleaded  or  sufficiently  pleaded  to  constitute  a  cause  of  action  is 
not  for  the  court  to  determine  upon  the  hearing. 

Deutsch  V.  Alaska-GaBtineau  Mining  Co.,  237  Fed.,  215,  p.  218. 

See  Copper  Queen  Consolidated  Mining  Co.  v.  Jones,  237  Fed.,  131,  p.  135. 

Key  V.  West  Kentucky  Coal  Co.,  237  Fed.,  258. 

PETn^ION  AND  BOND   OPERATE    AS  REMOVAL — WAIVER. 

When  a  petition  for  the  removal  of  a  case  is  sufficient,  on  the  filing 
of  proper  bond  by  a  mining  corporation  in  an  action  in  a  State  court, 
no  order  of  the  court  removing  the  case  to  a  Federal  court  is  necessary, 
as  the  fihng  of  the  petition  and  the  giving  of.  the  bond,  ipso  facto,  re- 
moves the  case.  A  defendant  mining  company  loses  none  of  its  rights 
by  following  the  case  in  the  State  court  after  the  proper  petition  and 
bond  have  been  filed  and  removal  denied. 

Nelson  v.  Black  Diamond  Mining  Co.,  237  Fed.,  264,  p.  266. 

REMOVAL — FILING   SECOND   PETmON. 

The  removal  statutes  do  not  authorize  or  permit  the  filing  of  a  sec- 
ond petition  for  removal  except  where,  before  a  trial  on  the  merits, 
the  plaintiff  changes  the  parties  by  a  dismissal  of  the  local  defendant, 
or  where  before  or  even  during  the  trial  the  plaintiff  amends  his  plead- 
ing and  thereby  increases  the  amount  in  controversy  to  a  sum  exceed- 
ing S3,000,  exclusive  of  interest  and  costs,  or  where  the  plaintiiF  does 
some  other  things  analogous  to  these  mentioned. 

Key  V.  West  Kentucky  Coal  Co.,  237  Fed.,  258,  p.  263. 

REMOVAL — ^SEPARABLE  0ONTROVEBSIE8. 

In  an  action  by  a  miner  agamst  a  mining  corporation  and  its  man- 
aging agent  for  injuries  received  by  the  alleged  negligence  of  such 
managing  agent,  there  is  no  separable  controversy  as  the  parties  de- 
fending are  properly  joined  and  there  can  be  no  removal  of  the  case 
from  a  State  to  a  Federal  court  on  that  ground. 

Key  V.  West  Kentucky  Coal  Co.,  237  Fed.,  258,  p.  261. 
See  Deutach  v,  Alaaka-Gastineau  Mining  Co.,  237  Fed.,  215. 
NelBon  V.  Black  Diamond  Mining  Co.,  237  Fed.,  264. 
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LIABILITT   FOR   ATTORNEY  FEES. 

A  mining  corporation  is  liable  for  the  fees  and  services  of  an  attor- 
ney employed  by  the  promoters  of  the  corporation  before  the  certifi- 
cate of  incorporation  was  filed,  but  where  the  employment  was  made 
^ter  the  articles  of  incorporation  had  been  executed  and  the  directors 
named  therein  were  present  and  for  several  years  thereafter  the  same 
members  continued  to  fill  the  positions  as  directors  for  the  company 
and  where  the  services  were  rendered  after  the  corporation  was  or- 
ganized and  the  certificate  duly  filed  and  recorded. 

ExpftDflion  Gold  Mixung  &  Land  Go.  v.  Campbell  (Colorado),  163  Pacific,  968,  p.  970. 


MINING  PARTNERSHIPS. 

NATURE. 

A  mining  partnership  to  which  the  parties  do  not  by  contract  give 
the  ordinary  incidents  of  commercial  partnerships  is  distinguishable 
from  the  ordinary  commercial  or  trading  partnership  in  character- 
istics which  flow  from  the  fact  that  in  mining  partnerships  there  is 
no  delectus  personae  except  as  to  the  few  peculiarities  which  depend 
upon  this  distinction.  The  law  governing  a  mining  partnership  is 
not  different  from  that  applicable  to  a  conmiercial  partnership,  and 
the  elements  of  the  latter  are  conmion  also  to  the  former. 

United  Mining  Go.  v.  Morton  (Kentucky),  192  Southwestern,  79,  p.  83. 

EXPLORING   OIL  TERRITORY. 

A  partnership  formed  for  the  purpose  of  engaging  in  exploring 
prospective  oil  territory  is  not  a  mining  partnership  as  defined  by 
the  statute  of  CaUfomia  (Civil  Code,  sec.  2511),  where  the  members 
are  associated  together  for  the  purpose  of  working  a  mining  claim. 

Callahan  v.  Dansiger  (California  App.),  163  Pacific,  65,  p.  67. 

CONTRACT   FOR  OPERATING   MIl^E. 

A  contract  under  which  the  owners  of  mineral  lands  and  a  mining 
company  agreed  to  operate  them  is  in  the  nature  of  a  partnership 
agreement  where,  instead  of  the  usual  royalties,  the  lease  prescribed 
the  mode  in  which  the  mine  is  to  be  worked  by  controlling  the 
salaries  of  the  officers  and  the  operating  expenses,  and  providing  that 
the  mine  should  be  operated  in  a  certain  stated  manner  and  that  the 
owners  of  the  land  were  to  receive  at  stated  intervals  each  year  ^'as 
in  the  nature  of  royalties  40  per  cent  of  the  net  profits."  This  manner 
of  paying  for  the  privilege  of  mining  is  not  essentially  diflFerent  from 
paying  a  certain  amount  for  each  ton  taken  out,  and  the  amoimts 
received  under  the  agreement  shoidd  be  held  to  be  rents  and  profits 
from  the  land. 

Pettit'B  Eetate,  In  re  (Minnesota),  161  Northwestern,  158,  p.  161. 

CONSTRUCTION   OF   CONTRACT — PRACTICAL   CONSTRUCTION. 

The  parties  to  a  contract  are  supposed  to  know  best  what  they 
mean,  and  if  in  reducing  it  to  writing,  words  or  terms  were  used  that 
rendered  the  contract  ambiguous  or  uncertain,  then  the  construction 
by  the  parties  as  shown  by  their  acceptance  and  acts  thereunder  can 
be  of  value  in  aiding  the  court  in  ascertaining  the  true  intention  and 
24 
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meaning  of  the  instrument,  and  the  construction  placed  upon  the 
contract  by  the  parties  themselves  should  be  upheld  by  the  courts. 
8]m11  Bios.  v.  Peoria,  etc.,  Ry.  Go.  (Illinoia),  114  Northeaetem,  529,  p.  531. 

ORAL  GONTRAOT — STATUTE  OF  FRATTDS. 

Two  persons  orally  formed  an  equal  partnership  for  the  purpose 
of  taking  T"i"»T^g  options  and  leases  and  acquiring  and  developing 
mining  rights  and  holdings  in  certain  counties  in  Kentucky.  A 
partneisnip  agreement  to  deal  in  mining  leases  is  an  agreement 
relating  to  personal  property  and  not  to  real  estate,  as  leaseholds  are 
personalty,  and  such  an  agreement  resting  in  parol  is  not  witnin 
die  statute  of  f  rauds« 

United  Mining  Go.  v,  Morton  (Kentucky),  192  Southwestern,  79,  p.  82. 

DEALING   IN   REAL   ESTATE. 

There  is  nothing  in  the  nature  of  mining  which  forbids  the  creation 
of  a  partnership  by  an  ordinary  partnership  contract  which  would 
draw  to  the  relation  of  the  parties  the  incidents  of  a  trading  partner- 
ship and  destroy  the  distinctions  which  are  based  upon  the  non- 
existMice  of  the  delectus  personae  in  strict  mining  partnerships. 
A  mining  partnership  agreement  made  by  parol,  although  it  neces^ 
saiily  required  the  alcquisition  of  an  interest  in  land,  may  be  imphed 
from  the  acts  of  those  sought  to  be  charged  as  partners. 

United  Mining  Co.  v.  Morton  (Kentucky),  192  Southwestern,  79,  p.  83. 

ABANDONMENT. 

One  partner  in  a  mining  partnership  agreed  to  devote  his  entire 
time  to  the  partnership  business.  Subsequently  he  left  the  State, 
bnt  returned  once  at  the  expense  of  the  other  partner,  and  thereafter 
for  a  period  of  at  least  five  years  paid  no  attention  whatever  to  the 
partnership  business  and  did  not  even  inform  his  partner  of  his 
whereabouts.  This  was  a  complete  abandonment  of  the  partnership 
business.  On  such  abandonment  the  other  partner  is  necessarily 
left  to  the  management  of  the  partnership  business  and  may  surrender 
mining  leases,  or  he  may  make  a  general  assignment  for  the  benefit 
of  the  firm's  creditors. 

United  Mining  Go.  v.  Morton  (Kentucky),  192  Southweetem,  79,  p.  83. 

PARTNERSHIP  AGREEMENTS. 

A  partnership  formed  for  the  purpose  of  dealing  in  mining  leases 
does  not  constitute  the  members  cotenants  in  the  leases  acquired, 
and  one  partner  in  such  a  partnership  may  seU  and  assign  a  mining 
kase  acquired  by  the  firm  and  thereby  bind  his  partner  and  the 
partsiarship. 

Unitid  Mining  Co.  v.  Morton  (Kentucky),  192  Southwestern,  79,  p.  83. 
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GBBATION   OF  PARTNBB8HIP   RELATIONS. 

A  partnership  relation  between  parties  engaged  in  acquiring 
mining  properties  for  their  joint  benefit  must  exist  at  the  time  such 
properties  are  acquired  by  one  of  the  parties  to  such  an  arrangement 
in  order  to  entitle  the  other  to  an  interest  therein. 

HoUingBworth  v.  Tufts  (Colorado),  162  Pacmc,  155,  p.  159. 

INTEREST  IN  PROPERTT. 

A  person  claiming  an  interest  in  mining  property  as  a  partner 
imder  an  agreement  that  mining  property  discovered  and  located 
should  be  held  and  owned  by  the  partners  must  show  that  the 
mining  property  in  which  he  is  seeking  to  establish  an  interest  was 
discovered  and  located  under  and  pursuant  to  the  partnership  agree- 
ment. 

HoUingsworth  v.  Tufts  (Colorado),  162  Pacific,  155,  p.  159. 

MONOFOLT  AGREEMENT   WTIH  RAILROAD. 

An  agreement  between  a  partnership  owning  coal  land  and  coal 
mines  and  a  railroad  company  whereby  the  owners  of  the  coal  land 
and  coal  mines,  by  reason  of  their  contributions  and  aid  in  the  con- 
struction of  a  railroad  over  their  own  lands,  was  to  have  a  monopoly 
of  the  road  as  to  the  matter  of  hauling  and  transporting  coal,  is  not 
contrary  to  public  policy  and  void,  as  the  side  track  or  branch  road 
contemplated  is  not  a  part  of  the  public  railroad  system  of  the  com- 
pany and  could  not  become  a  part  thereof,  unless  it  bought,  piu'chased, 
or  acquired  the  same  by  condemnation  proceedings. 

ShoU  BroB.  V.  Peozia,  etc.,  Ry.  Co.  (IllinoiB),  114  NortheaAtem,  529,  p.  532. 
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NATXTBB  AND  OBNSBAL  FEATTJBBS. 
RIGHTS   AND   INTBBEBTS. 

A  prospector  who  was  under  a  grubstake  contract  to  locate  mining 
claims,  in  company  with  another  prospector  who  was  under  a  grub- 
stake contract  from  another  party  to  locate  mining  claims,  located 
different  claims  for  their  respective  principals.  A  letter  written  by 
one  of  the  prospectors  to  his  principal  to  the  effect  that  ''we  discov- 
ered and  located"  certain  mentioned  claims  is  not  sufficient  proof  to 
show  that  the  principal  of  the  prospector  who  wrote  the  letter  had 
an  interest  in  a  particular  claim  located  by  the  second  prospector  in 
the  name  of  his  principal.  The  statement  that  ''we  discovered  and 
located"  is  not  inconsistent  with  the  theory  that  he  merely  assisted 
the  other  grubstake  prospector  in  locating  the  claim.  The  fact 
that  the  writer  did  assist  the  other  prospector  and  in  fact  wrote  the 
location  notice  and  witnessed  and  recorded  the  same  will  not,  of 
itself  I  subject  the  location  to  the  grubstake  contract  entered  into  with 
him. 

Turner  v.  Wells,  238  Fed.,  766,  p.  769. 

NATURE  AS  BEAL  PBOPEBTT — ORAL  AGREEMENTS. 

The  statute  of  Oregon  (sec.  5132  L.  O.  L.)  provides  that  a 
mining  claim  shall  be  deemed  real  property,  and  it  follows  as  a  corol- 
lary that  an  enforceable  interest  in  a  mining  claim  can  not  be  created 
by  a  verbal  option. 

Gnnd  Prize  Hydiaolic  Mines  v.  Boswell  (Oregon),  162  Pacific,  1063,  p.  1067. 

ASSISTING   IN  LOCATION — ESTOPPEL. 

A  miner  and  prospector  who  went  upon  and  prospected  and  made 
some  development  of  a  tract  of  land,  and  who  subsequently  assisted 
another  miner  and  prospector  in  surveying  and  laying  off  and  staking 
another  claim,  is  estopped  from  asserting  title  or  right  to  such  later 
claim  after  the  discovery  of  valuable  minerals  thereon,  on  the  ground 
that  the  discovery  point  and  the  part  of  the  claim  surrounding  such 
point  was  located  within  the  limits  of  the  ground  claimed  by  him. 
The  same  rule  of  estoppel  applies  to  the  son  of  the  first  locator,  who, 
in  the  matter  of  making  the  second  location,  was  present  and  acqui-* 
esced  in  all  that  his  father  did  and  who  knew  that  the  work  of  such 
second  locator  was  done  within  the  boundaries  of  the  original  claim 
taken  or  staked  by  his  father. 

Grand  Prize  Hydraulic  Mines  v.  Boswell  (Oregon),  162  Pacific,  1063,  p.  1066. 
90523''— Bull.  152—17 3  27 
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VEIN  OB  LODB. 
VEIN — ^WHAT  OONSTITUTBS. 

A  yein  or  lode  comes  within  the  meaning  of  the  United  States 
mining  statutes  so  long  as  there  is  a  fissure  or  gouge  or  any  evidence 
of  mineralization  which  will  lead  a  practical  miner  from  one  ore  body 
to  another  and  which  does  in  the  course  of  his  work  so  lead  him. 

Almeda  Mining  Go.  v.  Succeas  Mining  Go.  (Idaho),  161  Pacific,  862,  p.  865. 

LODE — WHAT  CONSTITUTES. 

Tilted  beds  of  sedimentary  strata  containing  ore  would  by  the 
geologist  be  called  beds  and  not  lodes;  but  the  intent  of  the  United 
States  mining  statutes  is  not  to  make  distinctions  based  upon  genetic 
principles.  What  the  geologist  might  call  beds  of  ore  the  courts 
may  find  to  be  lodes  within  the  meaning  of  the  United  States  mining 
statutes  authorizing  the  location  of  mining  claims  upon  the  public 
domain. 

Alameda  Mining  Go.  v.  Success  Mining  Go.  (Idaho),  161  Pacific,  862,  p.  865. 

APBX  OF  VBIN. 
TERMINAL  EDGE   OF  VEIN. 

An  apex  is  the  top  or  terminal  edge  of  a  vein  on  the  surface  or  the 
nearest  point  to  the  surface,  and  must  be  the  top  of  the  vein  proper, 
rather  than  of  a  spur,  and  must  be  a  point  from  which  the  vein  has  a 
dip  as  well  as  a  strike. 

Alameda  Mining  Go.  v.  Success  Mining  Go.  (Idaho),  161  Pacific,  862,  p.  865. 

DISOOVBBY. 
NO  RIGHTS  AGQUIBED  WITHOUT  DISOOVBBY. 

A  person  who  enters  upon  the  public  domain  and  locates  land  for 
its  mineral  contents,  as  oil  lands,  though  he  may  erect  appropriate 
monuments  and  post  and  properly  file  location  notices,  if  he  makes 
no  discovery  of  minerals  or  oil,  he  acquires  no  right  of  any  nature 
against  the  Government  or  any  private  individual,  save  the  right 
to  proceed  with  diUgence  to  effect  an  actual  discovery  of-  minerals, 
gas,  or  oil. 

United  States  v.  McGutchen,  238  Fed.,  575,  p.  579. 

STATUS   IN   ABSENCE   OF  DISCOVERT. 

The  status  of  a  locator  of  a  mining  claim  in  the  absence  of  a  dis- 
covery is  in  the  nature  of  a  tenant  at  sufferance. 
United  States  v.  McGutchen,  238  Fed.,  675,  p.  580. 
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MABXIKa  BOT7NDAHIB8. 
COMPLIANCE   WITH   STATUTE. 

As  against  a  subsequent  locator  who  has  actual  knowledge  of  the 

existence  of  a  mining  claim  and  who  had  assisted  in  performing  the 

assessment  work  for  the  year  previous  to  his  attempted  relocation,  it 

is  sufficient  that  the  original  location  was  distinctly  marked  on  the 

ground  so  that  its  boundaries  could  be  readily  traced. 

Gold  Creek  Antimony  Mines  A  Smelter  Co.  v.  Perry  (Washington),  162  Pacific,  996, 
p.  999. 

MARKINa  BOUNDARIES   UPON  THE   GROUND. 

The  United  States  mining  statutes  (R.  S.  2324)  require  a  location 
to  be  distinctly  marked  upon  the  ground,  with  the  name  of  the  locator, 
the  date  of  location  and  such  references  to  natural  objects  or  perma- 
nent monuments  as  will  identify  the  claim.  These  provisions  are 
supplemented  by  the  statute  of  Washington  (Remington  Code,  sec. 
7379).  The  purpose  of  the  United  States  statute  and  of  the  State 
statute  is  to  give  notice  to  prospectors  who  are  looking  for  mineral 
locations  of  what  has  been  already  appropriated  in  order  that  they 
may  govern  themselves  accordingly.  It  is  also  the  purpose  to  pre- 
vent fraud  by  swinging  or  floating.  In  accomplishing  these  purposes, 
courts  are  inclined  to  be  liberal  with  persons  making  mining  locations, 
aud  are  not  incUned  to  defeat  a  claim  of  a  locator  who  has  in  good 
faith  attempted  to  comply  with  the  requirements  of  the  law  by  tech- 
nical criticism  of  the  act  rehed  upon  to  constitute  a  valid  location. 

Gold  Creek  Antimony  Mines  &  Smelter  Go.  v.  Perry  (Washington),  162  Pacific, 

W6,  p.  997. 

BBSCBIPTION. 

SUBVEY — ^MONXTMENTS   CONTROL  DISTANCE. 

Where  mining  claims  were  actually  surveyed  out  on  the  ground 
and  the  four  comers  established  and  if  in  the  appUcation  of  descrip- 
tions in  the  patent  to  the  claims  as  surveyed,  a  latent  ambiguity 
arises  in  that  a  distance  called  for  conflicted  with  the  comers  as  estab- 
lished for  the  mining  claims,  then  the  mining  claim's  comers  as  fixed 
control  the  call  for  distance  as  given  in  the  patent  and  the  distance 
called  must  yield  to  the  established  comers  of  the  claims. 

Plnmmer  v,  McLain  (Texas  Civil  App.),  192  Southwestern,  571,  p.  575. 

ASSESSMBNT  WOBK. 
TIME   OP  PERFORMANCE — PRESUMING   WORK. 

The  United  States  mining  statutes  (sec.  2324)  require  that  all 
locators  of  mining  claims  perform  $100  worth  of  work  during  each 
year  to  entitle  them  to  hold  the  claim  as  against  a  relocator.  After 
the  year  in  which  a  location  is  made  the  entire  assessment  work  must 
be  performed  during  each  year  and  must  be  completed  within  each 
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calendar  year,  or  a  third  person  may  enter  and  relocate  the  daim, 
unless  the  locator  has  resumed  work  after  his  failure  to  complete 
the  same  before  a  relocation  is  made.  If  a  locator  or  owner  has  begun 
the  assessment  work  before  the  expiration  of  any  given  year  and  is 
carrying  on  to  completion  such  work  the  claim  is  not  subject  to  relo- 
cation, although  the  locator  or  owner  is  not  on  a  particular  day  upon 
the  claim  at  work. 
Plough  V.  Nelson  (Utah),  161  Pacific,  1134. 

PROOF   OF   FAILURE  TO   PERFORM   ASSESSMENT  WORK. 

A  person  who  has  been  acquainted^ith  a  mining  location  for  years, 

familiar  with  its  workings,  and  who  assisted  in  doing  the  assessment 

work  for  the  previous  year,  must  make  a  strong  case  of  failure  of  the 

prior  locator  to  perform  the  annual  assessment  work  before  he  can 

be  heard  to  say  the  ground  was  vacant  and  unoccupied  and  subject  to 

relocation  by  him. 

Gold  Creek  Antimony  Mines  <&  Smelter  Go.  v.  Perry  (Washington),  162  Pacific, 
996,  p.  997. 

EXTBALATBBAL  BIGHTS. 
TERMINATION   OP  VEIN. 

The  fact  that  a  vein  terminates  against  a  granite  or  monzonite 
at  one  end  does  not  affect  the  extralateral  rights  given  by  the  pro- 
visions of  section  2322  of  the  United  States  Revised  Statutes.  Where 
a  vein  so  terminates  the  locator  would  be  entitled  to  have  the  end 
line  pass  through  such  point  of  termination  parallel  with  the  ver- 
tical plane  of  the  other  end  line,  thus  giving  him  the  extralateral 
right  of  the  pursuit  of  the  vein  between  the  planes  bounded  by 
these  end  lines  beneath  all  other  mining  claims  under  which  it 
dips. 
Alameda  Mining  Co.  v.  Success  Mining  Co.  (Idaho),  161  Pacific,  862,  p.  865. 

BASES — RIGHT   TO   FOLLOW   VEIN. 

The  provisions  of  section  2322,  United  States  Revised  Statutes,  is 
determined  by  the  apex  on  the  surface  upon  which  the  prospector 
makes  his  location  and  the  dip  of  the  vein,  and  not  upon  the  levels 
in  the  depth  of  the  earth  opened  and  disclosed  in  the  working  of  the 
mine. 

Alameda  Mining  Co.  v.  Success  Mining  Co.  (Idaho),  161  Pacific,  862,  p.  866. 

COURSE   OF  VEIN. 

The  course  of  a  vein  is  not  determined  by  its  direction  at  any 
single  given  point  where  the  vein  is  a  crooked  one.  A  locator's 
extralateral  rights  must  be  determined  by  the  course  of  the  vein  at 
its  apex  at  the  surface  of  the  claim.     The  most  practical  rule  is  to 
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regard  the  course  of  the  vein  as  that  which  is  indicated  by  the  surface 
outcropping  or  surface  exploration  and  workings.  The  lower  levels 
of  a  mine  frequently  show  a  different  direction  of  tke  vein  from  that 
which  guided  the  miner  in  making  his  location  and  are  at  variance 
with  conditions  shown  in  openings  nearest  to  the  surface. 

Alameda  MiniBg  Go.  v.  Success  Mining  Go.  (Idaho),  161  Pacific,  862,  p.  866. 

EXt'EBT  AND   POSITIVE  TESTIMONT. 

The  positive  testimony  of  miners  who  mined  the  ore  and  developed 
the  mine  and  the  engineers  and  others  who  made  actual  surveys  of 
the  mine  involved  in  a  controversy  as  to  extralateral  rights  must 
be  taken  for  more  than  the  speculative  theories  of  experts  on  the 
geology  and  formation  of  ore  bodies  and  the  mineralization  of  veins. 
Physical  facts  should  be  given  greater  weight  than  mere  expert 
opinion  and  speculative  theories. 

Akmeda  Mining  Go.  v.  Success  Mining  Go.  (Idaho),  161  Pacific,  862,  p.  868. 

BELOCATION. 
KNOWLEDGE  OP   PRIOR  LOCATION — RIGHTS   OF   RELOCATOR. 

A  relocator  can  not  base  his  right  to  make  a  valid  relocation  of 
an  existing  mining  claim  on  the  ground  of  the  insufficiency  of  the  origi- 
nal location  notice,  where  he  was  not  deceived  or  misled  by  any  false  or 
deficient  description  and  where  it  plainly  appears  that  he  knew  the 
boundaries  of  the  original  claim  and  entered  within  them  for  the 
purpose  of  acquiring  for  himself  the  benefit  of  the  prior  locator's 
labor  and  expenditures,  believing  that  such  prior  locator  had  for- 
feited his  rights,  not  in  ignorance  of  such  rights  or  for  want  of  sujQi- 
dent  description  of  the  property  in  the  location  notice.  The  purpose 
of  a  description  in  a  location  notice  is  to  give  notice  of  the  location 
and  where  a  relocator  has  actual  notice  he  is  not  in  a  position  to  com- 
plam  of  technical  defects  which  in  no  way  affect  his  rights. 

Gold  Greek  Antimony  Mines  db  Smelter  Go.  v.  Perry  (Washington),  162  Pacific,  996, 
p.W7. 

RELOCATION   AS  ABANDONED   PROPERTY — NOTICE. 

The  statute  of  Washington  (Remington  Code,  sec.  7365)  requires- 
the  notice  of  relocation  of  a  mining  claim  to  state  if  the  whole  or  any 
part  of  the  new  location  is  located  as  abandoned  property.  A  relo- 
cator who  makes  his  relocation  upon  ground  known  to  be  embraced 
in  a  former  location,  basing  his  right  upon  the  fact  that  his  location  is 
made  upon  vacant  and  imoccupied  ground  and  because  of  the  failure 
of  the  prior  locator  to  perform  the  annual  assessment  work,  can  not 
uphold  the  validity  of  such  relocation  because  of  the  failure  to  comply 
with  the  State  statute. 

Gold  Cieek  Antimony  Uidm  A  Smelter  Co.  v.  Perry  (Washington),  162  Pacific,  996, 
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VACANT   AND  UNOCCUPIED  GROUND — NOTICE. 

A  person  with  knowledge  of  the  boundaries  of  an  existing  mining 
claim  and  with  knowledge  that  the  annual  assessment  work  for  the 
previous  year  had  not  been  performed  can  not  make  a  relocation  on 
the  theory  that  the  ground  is  vacant  and  unoccupied,  in  the  face  of 
the  statute  of  Washington  (Remington  Code,  sec.  7365),  which 
requires  a  relocation  notice  to  state  that  the  whole  or  any  part  of 
such  new  location  is  located  as  abandoned  property. 

Gold  Greek  Antimony  Mines  db  Smelter  Go.  v.  Perry  (Washington),  162  Pacific,  996, 
p.  998. 

P088B8S0BY  BiaHTS. 
LOCATION   AND  DISOOVBRY   ESSENTIAL. 

Possession  and  enjoyment  of  mining  claims  under  the  United 
States  mining  statutes  depend  upon  location  and  discovery  of 
valuable  minerals  therein. 

United  States  v.  McGutchen,  238  Fed.,  575,  p.  579. 

RIGHTS   OF   LOCATOR   WITHOUT  DISCOVERT. 

A  person  after  the  location  of  a  mining  claim  on  the  surface  of 
the  public  domain  may  remain  out  of  possession  of  the  land  and  may 
await  developments  either  by  himself  or  of  others  on  adjoining  or  in 
regional  parcels,  with  no  risk  other  than  that  of  being  dispossessed 
by  the  Government  or  some  other  locator.  If  this  is  not  done  he 
may  return  at  some  considerable  period  thereafter,  or  at  any  time 
prior  to  a  location  by  another  or  to  an  actual  withdrawal  by  the 
Government,  and  proceed  to  prosecute  with  diligence  his  search  for 
minerals;  and  if  he  does  so  return  and  begins  the  work  of  discovery 
during  the  time  he  may  be  in  possession  actually  engaged  in  the 
diligent  prosecution  of  work  leading  to  a  discovery,  he  will  be  pro- 
tected against  inroads  upon  his  right  asserted  either  by  the  Govern- 
ment or  by  private  parties,  and  if  he  ever  actually  effects  a  discovery 
of  mineral,  his  vested  right  to  the  possession  and  enjoyment  of  the 
property  and  of  its  mineral  contents  may,  in  so  far  as  may  be  neces- 
sary to  secure  protection  to  his  rights,  relate  back  to  the  time  of  his 
original  location  and  will  continue  in  the  future  for  such  time  as  he 
may  comply  with  all  valid  laws  and  mining  regulations.  He  is  under 
such  circumstances  in  the  position  of  one  who  having  made  a  dis- 
covery of  minerals  upon  unappropriated  public  land  has  perfected  the 
location  thereof  in  the  strictest  sense  of  the  term,  and  is  thereafter 
subject  to  all  the  obligations  and  possessed  of  all  the  privileges  of 
one  in  possession  of  a  valid  and  subsisting  mining  claimi. 

United  States  v.  McCutchen,  238  Fed.,  575,  p.  579. 
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ACTION  TO  BEOOVEB — STATUTE   OF   LIMITATIONS. 

An  action  to  recover  a  mining  claim  sold  at  an  invalid  tax  sale  must, 
under  the  present  statutes  of  Nevada,  be  brought  within  two  years 
from  the  time  the  right  of  action  accrues,  unless  the  person  entitled 
to  sue  is  under  a  statutory  disability,  and  in  such  case  the  person  has 
two  years  within  which  to  bring  the  suit  after  the  removal  of  the 
disability.  This  rule  applies  to  patented  and  unpatented  mining 
daims  alike.  The  rule  as  stated  is  that ' '  actions  for  the  recovery  of 
mining  claims,  or  for  the  recovery  of  the  possession  thereof,  must 
be  commenced  within  two  years  from  the  time  at  which  the  plaintiff 
or  those  through  or  from  whom  he  claims  were  seized  or  possessed  of 
such  mining  claim,  whether  the  same  be  patented  or  unpatented." 

Wren  V.  Dickson  (Nevada),  161  Pacific,  722,  p.  736,  December,  1916. 

ASSIGNMENT — RIGHT   OF   ASSIGNEE. 

The  assignee  of  a  mining  claim  can  assert  no  right  or  title  superior 
to  that  of  his  assignor,  unless  he  was  an  innocent  purchaser  for  value. 

Grand  Prize  Hydraulic  Mines  v.  Boewell  (Oregon),  162  Pacific,  1063,  p.  1067. 

LOCATION   ON   STATE   LANDS. 

The  right  to  locate  a  mining  claim  on  lands  owned  by  the  State  of 
Oregon  is  granted  in  order  to  facilitate  the  advantageous  sale  of  the 
land.  The  locator  of  a  mining  claim  on  State  lands  acquires  only  a 
temporary  possessory  right,  subject  to  be  divested  by  a  failure  to 
purchase  or  lease  the  property  in  accordance  with  such  reasonable 
regulations  as  the  State  land  board  may  prescribe. 

Grand  Prize  Hydraulic  Mines  v.  Boswell  (Oregon),  162  Pacific.  1063,  p.  1064. 

ADVEB8E  CLAIM. 
ABANDONMENT   OP  APPLICATION — EFFECT  OP  JUDGMENT, 

After  the  filing  of  an  adverse  claim  tbe  applicant  for  patent  with- 
drew his  application  and  offered  no  evidence  in  opposition  to  the 
adverse  claim.  Upon  instructions  by  the  court  the  jury  returned 
a  verdict  for  the  plaintiff  and  a  judgment  was  entered  accordingly. 
The  judgment  was  simply  for  possession  and  not  to  form  a  basis  for 
patent  for  the  ground  in  conflict.  By  the  withdrawal  upon  the  part 
of  the  applicant  of  his  apphcation  for  patent  the  Government  could 
liave  no  further  interest  in  the  result  of  the  suit,  as  title  to  the  ground 
in  conflict  was  not  to  be  finally  determined  as  a  result  of  the  verdict 
and  judgment,  and  the  action  therefore  became  one  merely  for  the 
right  of  possession  for  that  part  of  the  premises  in  conflict.  But  if  the 
proof  fails  to  diadose  a  conflict  between  the  locations,  the  adverse 
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claimant  can  only  claim  such  territory  as  is  included  witiiin  the 
boundaries  defined  by  his  location  certificate  and  as  there  is  no  con- 
flict he  is  not  entitled  to  a  judgment. 

Lucky  Four  Gold  Mining  Go.  v.  Bacon  (Colorado),  163  Pacific,  862,  p.  863. 

PATENTS. 
COLLATERAL  ATIAOK. 

A  patent  for  a  mining  claim  is  not  subject  to  collateral  attack  on 
the  ground  that  the  application  for  patent  showed  that  the  tract  of 
land,  or  the  claim  patented,  did  not  contain  any  of  the  valuable 
minerals. 

Plummer  v.  McLain  (Texas  Civil  App.),  192  Southwestern,  571,  p.  577. 

TtrNNBL  LOCATION. 
DUMPING  MATERIAL  ON   MINING  CLAIM. 

A  tunnel  claimant  in  the  construction  of  his  tunnel  has  originally 
no  right  to  dump  the  waste  rock  and  debris  taken  from  his  tunnel  in 
the  construction  thereof  upon  the  surface  of  another  mining  claim.  In 
order  to  sustain  the  right  as  an  impHcation  that  the  law  gives  to  him, 
he  must  show  that  the  situation  is  such  that  he  could  not  obtain  with- 
out unreasonable  labor  and  expense  any  other  place  or  way  to  dump 
the  material,  and  that  he  could  not  at  an  outlay  of  an  amount  that  is 
within  reason  obtain  dumping  privileges  elsewhere  in  the  operation 
of  the  tunnel. 

Himrod  v.  Fort  Pitt  Mining  db  Milling  Co.,  238  Fed..  746,  p.  748. 

ADVERSE   POSSESSION. 

The  original  locators  of  a  mining  claim  constructed  and  used  a 
tunnel  in  connection  with  the  operation  of  the  claim.  The  locator 
ceased  using  the  tunnel  for  any  purpose  and  abandoned  the  same  in 
1880.  In  1887  another  person  took  possession  of  the  tunnel  and  con- 
structed a  flume  or  conduit  therein  to  conduct  the  water  therefrom 
for  domestic  purposes  and  erected  obstructions  or  bars  at  the  mouth 
or  portal  of  the  tunnel  by  which  all  other  persons  were  entirely 
excluded  from  the  use  of  the  tunnel,  and  for  more  than  29  years  the 
tunnel  has  been  so  used  to  the  exclusion  of  all  other  persons.  Such 
open,  notorious,  and  exclusive  possession  and  use  of  the  tunnel  for 
such  a  length  of  time  was  sufficient  to  give  the  person  in  possession 
title  to  the  tunnel  as  against  a  grantee  or  assignee  of  the  original 
locator  and  constructor. 

Wall  V.  United  Statee  Mining  Co.,  239  Fed.,  90,  p.  82. 
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0£L  liOOATION. 
DISOOVBRT  ON  OIL  LOCATIONS. 

With  respect  to  oil  lands  arising  out  of  the  necessities  of  the  case, 
discovery  may  and  often  must  follow  location,  but  upon  discovery 
when  ever  attained  in  the  absence  of  intervening  rights  of  a  superior 
nature,  the  same  rights  and  results  flow  as  if  the  discovery  had 
preceded  location,  and  pending  discovery,  the  locator,  after  location, 
possesses  all  of  the  substantial  rights  consequent  upon  a  discovery 
itself;  as  long  as  he  continuously  engages  himself  diligently  in  search- 
ing for  oil  upon  the  claim. 

United  States  v.  McCutchen,  238  Fed.,  575,  p.  579. 

DELAY   IN   DISCOVERY — RELATION. 

A  valid  location  of  an  oil  claim  was  made  in  1900,  and  was  not  void 
because  in  fraud  of  the  Government's  general  mineral  land  poUcy;  but 
no  discovery  was  made  until  1 909  when  a  valid  discovery  of  oil  was  made 
by  the  locator.  In  the  absence  of  any  intervening  location  rendered 
valid  by  the  discovery  or  by  prosecution  of  diUgent  work,  the  discov- 
ery in  1909  would  confer  upon  the  locator  the  vested  status  of  a  true 
locator  of  mineral  land.  If  the  locator  possessed  that  status  in  1909 
and  thereafter  conformed  to  and  compUed  with  the  law,  no  act  of 
the  Government,  short  of  proceedings  in  eminent  domain,  could 
deprive  him  of  his  right  of  property  and  he  could  not  be  subjected  to 
the  provisions  of  a  subsequent  withdrawal  order  of  whatever  source  or 
authority. 

United  States  v,  McCutchen,  238  Fed.,  575,  p.  580. 

DISTINCTION   BETWEEN   OIL   AND  PLACER   LOCATIONS. 

The  act  of  1897  gives  a  right  to  enter  on  lands  that  are  ''chiefly 
vahiable"  for  oil.  Section  2319  of  the  Revised  Statutes  recites  that 
all  valuable  mineral  deposits  are  open  to  exploration  and  purchase 
and  the  land  in  which  they  are  found  to  location  and  purchase. 
As  to  lode  and  placer  claims  the  right  is  given  to  explore  and  pur- 
chase ''valuable  mineral  deposits''  and  the  land  in  which  they  are 
found  but  with  respect  to  oil,  the  right  is  given  only  to  enter  and 
obtain  patent  to  lands  which  not  only  obtain  oil,  but  which  are 
"chiefly  valuable  therefor.''  In  one  case  the  value  of  the  "deposits" 
is  the  criterion  and  in  the  other  it  is  the  value  of  the  land,  and  this 
principle  is  not  to  be  lost  sight  of  in  defining  what  will  suffice  for  a 
discovery  under  the  oil  statute. 

United  States  v.  McCutchen,  238  Fed.,  575,  p.  583. 
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LIBERAL   CX)NSTRUOTION  OF   STATUTE. 

What  constitutes  discovery  in  its  broad  and  comprehensive  sense 
is  the  doing  or  the  accomplishing  of  that  thing  with  respect  to  the 
land  sought  to  be  appropriated  which  serves  to  impress  upon  it  the 
quality  of  being  land  which  is  open  to  exploration  or  appropriation 
in  the  manner  and  pursuant  to  the  law.  Both  judicial  and  depart- 
mental rulings  have  evinced  a  disposition  to  be  liberal  toward  loca- 
tors in  the  matter  of  the  requirements  as  to  what  will  suf&ce  to  con- 
stitute such  discovery  as  to  segregate  the  land  sought  to  be  selected 
from  the  public  domain,  and  invest  it  with  the  attribute  of  mineral 
land,  and  subject  it  to  private  ownership  or  exploitation.  If  the 
locator  has  made  such  a  location  or  a  discovery  upon  certain  defined 
land  as  to  invest  him  with  a  right  of  property  therein,  he  has  made 
such  location  and  discovery  as  to  entitle  him  to  a  patent  as  against 
the  Government.  Conversely,  if  he  has  not  made  such  discovery 
as  to  entitle  him  to  a  patent  as  against  the  Government,  then  he  has 
made  no  such  discovery  as  to  vest  him  with  rights  in  and  to  the  prop- 
erty. The  encountering  by  a  locator  in  abandoned  oil  wells  drilled 
by  others  of  a  small  quantity  of  gas,  both  because  of  its  inconsequence, 
nature,  and  extent,  and  also  because  of  the  fact  that  it  was  not,  until 
after  suit  was  brought,  relied  upon  as  a  discovery  validating  the 
claim,  can  not,  as  a  matter  of  law,  authorize  the  court  to  adjudge 
that  such  encounter  of  gas  sufficed  to  segregate  the  land  in  question 
from  the  unappropriated  public  domain  prior  to  the  withdrawal 
order  of  September  27,  1909. 

United  States  v.  McCutchen,  238  Fed..  575,  pp.  5S^-d93. 
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CONSTBUCTION,  VALIDITY,  AND  EFFECT. 
GOAL  AND  ORB  MINES — EMPLOYMENT  OF   BOYS. 

Section  1035  of  the  Alabama  Code  of  1907  applies  to  ore  as  well  as 
coal  mines  but  a  distinction  is  made  as  to  the  prohibited  emplojrment 
of  boys  under  14  years  of  age  in  surface  and  underground  mines,  and 
the  prohibition  does  not  apply  to  an  ore  mine  worked  wholly  from  the 
surface. 

SlosB-Sheflteld  Steel  &  Iron  Co.  v.  Bearden,  (Alabama),  74  Southern,  230,  p.  231. 

MEANING  OF   WORD   '*MINE.'' 

The  word  '*mine"  is  omitted  from  sections  1  and  2,  Chapter  60, 
Acts  of  1911  (West  Vu-ginia  Code  of  1913,  sees.  530-531),  amend- 
ing Chapter  11  of  the  act  of  1887,  Chapter  15;  Acts  of  1891 ,  and 
Chapter  75,  Acts  of  1905,  as  one  of  the  places  where  minors  of  the 
prohibited  age  are  not  permitted  to  be  employed,  is  not  covered  by 
any  of  the  other  places  enumerated  in  the  act  and  can  not  be  restored 
by  judicial  construction. 

Rhode  V.  J.  B.  B.  Coal  Co.  (West  Virginia),  90  Southeaatem.  796,  p.  797. 

JUDICIAL   NOTICE — PABTS   OP  MINE. 

The  courts  of  Kansas  take  judicial  notice  of  the  manner,  largely 
regulated  by  statute,  in  which  a  coal  mine  in  southeastern  Kansas 
is  operated  under  the  shaft,  entry,  room-and-pillar  plan  or  system 
and  applying  such  matters  in  the  construction  of  the  statutes,  the 
court  must  reach  the  following  conclusions :  Air  courses  are  passages 
for  conducting  air.  Entries  are  those  places  in  coal  mines  used  by 
the  miners  and  other  workmen  generally  in  going  to  and  from  their 
work  and  through  which  coal  is  hauled  from  the  necks  of  the  rooms 
to  the  foot  of  the  shaft.  A  room  is  a  place  in  which  a  miner  works 
and  from  which  he  mines  coal.  Traveling  ways  are  places  for  the 
passage  of  workmen  to  and  from  different  parts  of  a  mine. 

Bicardo  v.  Central  Coal  db  Coke  Co.  (Kansas),  163  Pacific,  641,  p.  643. 
APPLICATION   OF  TERMS — QUESTION   OP  LAW. 

The  terms  ''room,"  "entry,"  "traveling  way,"  and  a  number  of 
others  are  used  in  the  Kansas  statute  relating  to  the  mining  operations 
and  must  have  definite  and  fixed  meanings  applicable  in  all  situations 
where  the  shaft,  entry,  room-and-pillar  system  of  mining  is  carried 
on.  Accordingly  when  a  place  in  a  mine  is  definitely  described  and 
its  relation  to  ^e  other  parts  of  the  mine  is  fixed  and  certain,  as 
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being  a  place  in  a  room,  an  entry,  an  air  passage,  or  a  traveling  way, 
it  is  a  question  of  law  for  the  court  to  determine  whether  such  place 
is  or  is  not  in  a  traveling  way. 
Ricardo  v.  Central  Coal  db  Coke  Co.  (KansaflX  1^3  Pacific,  641,  p.  643. 

DUTIES  IMPOSED  ON  OPBBATOB. 
DUTY   OF   INSPECTION. 

Whether  the  duty  of  inspection  under  the  Virginia  statute  is 
imposed  upon  the  mine  foreman  or  boss  is  immaterial  where  a  mine 
operator  had  knowledge  of  a  squeeze  in  the  mine  and  a  boy  of  17 
years  of  age  was  put  to  work  in  that  portion  of  the  mine  without  an 
inspection  by  the  mine  foreman  or  boss,  or  by  any  other  person  on 
behalf  of  the  operator.  Under  such  circumstances  the  death  of  the 
boy,  caused  by  a  fall  or  rock  due  to  an  alleged  squeeze,  may  be  said 
to  be  the  result  of  the  operator's  negligence,  because  of  his  failure 
to  have  the  proper  inspection  made. 

Big  Vein  Pocahontas  Co.  v.  Repaas,  238  Fed.,  332,  p.  336. 

DELEGATION   OF  DUTY. 

The  mining  statute  of  Virginia  must  be  so  construed  as  not  to 
relieve  a  mine  operator  from  seeing  that  all  of  its  provisions  are 
strictly  complied  with,  nor  from  the  duty  imposed  at  common  law 
to  secure  the  reasonable  safety  of  his  employees  and  these  duties 
are  nonassignable,  and  if  required  by  a  foreman,  boss,  or  fire  boss,  he 
shall  be  considered  as  acting  for  the  mine  operator  as  a  vice  principal. 

Big  Vein  Pocahontas  Co.  v.  Repass,  238  Fed.,  332,  p.  335. 

DEFECTIVE  CABLE — QUESTION  OF  FACT. 

In  the  operation  of  a  coal-cutting  machine  the  question  as  to 
whether  or  not  the  cable  extending  from  the  machine  to  the  jack 
pole  and  which  served  to  hold  the  machine  in  place  and  which  was 
subject  to  a  strain  of  something  like  4,000  pounds  was  worn  and 
defective  and  whether  a  proper  inspection  of  it  would  have  disclosed 
its  defective  condition,  can  not  be  determined  as  a  matter  of  law,  but 
must  be  submitted  to  a  jury  as  a  question  of  fact. 

Tennessee  Coal,  Iron  &  Railway  Co.  v.  Wiggins  (Alabama),  73  Southern,  516,  p.  517. 

EMPLOYMENT  OF  MINE   FOREMAN — ^LIABILITY   FOB   NEGLIGENCE. 

The  statute  of  Tennessee  (Acts  1903,  ch.  237),  places  upon  the  mine 
operator  the  duty  of  employing  a  certified  mine  foreman.  The  failure 
of  a  mine  operator  to  employ  a  mine  foreman  duly  certified  is  imma- 
terial in  an  action  by  a  miner  for  damages  for  injuries  where  there  is 
no  evidence  whatever  that  any  of  the  duties  required  of  the  mine 
foreman  were  neglected. 

Lively  v.  American  Zinc  Go.  (Tennessee),  191  Southwestern^  076|  p.  079. 
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DUTY  TO  ADOPT  RULES. 

The  Kentucky  statute  (sees.  2738b-2738c)  requires  operators  of 
coal  mines  to  adopt  rules  for  the  safety  of  persons  employed  in  and 
about  the  mines.  A  mine  operator,  who  adopted  rules,  caused  them 
to  be  printed  in  a  book,  and  delivered  a  copy  of  the  book  to  a  miner, 
can  not  be  held  Uable  in  damages  for  injuries  to  such  miner  received 
by  him  while  violating  a  rule.  It  can  not  be  objected  that  the  rules 
were  not  adopted  and  promulgated  in  strict  conformity  to  the  statute 
for  the  reason  that  entirely  independent  of  the  statute,  a  mine  oper- 
ator has  a  right  as  an  employer  of  labor  to  adopt  reasonable  rules 
and  regulations  for  the  safety  and  protection  of  his  employees,  and 
the  Tiolation  of  the  rules  so  adopted  and  promulgated  would  be 
equally  as  effective  to  bar  an  action  by  an  employee  violating  them 
as  if  the  rules  violated  had  been  adopted  and  promulgated  in  accord- 
ance with  the  provisions  of  the  statute. 

GatUft  Goal  Co.  v.  Peace  (Kentucky),  192  Southwestern,  651,  p.  653. 

8AFB  APPLIANCBS. 
MEANING  OF  SAFE   APPLIANCES. 

The  statute  of  Tennessee  (Acts  1915,  ch.  169)  requires  that  hoisting 
machinery  used  for  lowering  miners  into  and  out  of  a  mine  shaft  be 
kept  in  a  safe  condition.  This  imposes  the  duty  on  a  mine  operator 
to  make  the  appUances  safe  and  not  merely  to  exercise  reasonable 
diligence  to  make  them  safe.  TVhen  a  term  having  a  well-recognized 
meaning  in  common  law  is  used  in  a  statute  that  meaning  will  be 
given  it  in  construing  the  statute,  unless  a  different  sense  is  apparent 
from  the  context,  or  from  the  general  pxupose  of  the  statute.  Where 
the  word  "safe"  is  closely  followed  by  special  provisions  looking  to 
safety,  the  statute  will  be  construed  to  intend  that  the  result  shall 
be  attained  by  the  use  of  these  means  so  far  as  they  extend.  The 
term  "safe"  when  used  in  respect  to  appliances  to  be  furnished  by 
an  anployer  to  an  employee  means  "reasonably  safe,"  and  "reason- 
ably safe"  means  such  tools  as  are  in  general  use  among  employers 
of  ordinary  caution  and  prudence  in  the  same  line  of  business  under 
the  same  circumstances. 

Lively  v.  American  Zinc  Co.  (Tenneasee),  191  Southwestern,  975,  p.  977. 

CHANQE  OF  APPLIANCES   NOT   REQUIRED. 

Under  the  statute  of  Tennessee,  requiring  the  use  of  safety  appli- 
ances and  safety  cages  in  lowering  and  hoisting  miners  in  and  out  of 
a  mine,  a  mine  operator  has  the  right  to  choose  between  different 
kmds  and  types  of  implements  in  general  use,  and  is  not  subject  to  a 
charge  of  negligence,  or  a  violation  of  the  statute,  because  some  other 
style  than  that  adopted  by  him  may  be  found  safer.    A  mine  operator 
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or  other  employer  is  not  required  to  chcgige  his  machinery  in  order 
to  apply  every  new  invention  or  superior  improvement,  and  he  can 
use  appUances,  even  though  they  are  shown  to  be  less  safe  than  other 
kinds  in  use  for  the  same  ends  without  being  liable  to  his  employees 
for  the  consequence  of  such  use. 

Lively  v.  American  Zinc  Co.  (Tennessee),  191  Southwestern,  975,  p.  979. 
DUTY  TO  CX)MPLY  WITH  PROVISIONS  OF  STATUTE. 

The  statute  of  Tennessee  (Acts  1915,  ch.  169)  requires  that  the 
elevator  in  a  mine  shaft  used  for  lowering  or  hoisting  persons  shall 
be  fitted  with  an  improved  safety  catch  and  a  sufficient  metal  cover- 
ing overhead.  It  also  requires  sufficient  flanges  to  be  attached  to  the 
sides  of  every  drum  and  other  machinery  used  for  lowering  and  hoist- 
ing persons  with  adequate  brakes  attached  to  the  drum.  The  duty 
to  comply  with  these  and  similarly  specific  provisions  of  the  statute, 
designed  as  precautions  against  accidents  and  injuries  is  absolute  and 
they  can  not  be  satisfied  by  a  near  approximation  or  by  the  exercise 
of  reasonable  diligence  or  ordinary  care  in  an  effort  to  comply. 

Lively  v.  American  Zinc  Co.  (Tennessee),  191  Southwestern,  975,  p.  977. 

EHPLOYICBNT  OF  BOY& 
VIOLATION — ^EMPLOYMENT  OF  OHILD  OF  PROHIBITED  AGE. 

Sections  71  and  72  of  chapter  15H  of  the  West  Virginia  Code  of 
1913  prohibiting  the  employment  of  a  minor  imder  14  years  of  age 
impliedly  permits  the  employment  of  minors  over  that  age,  and 
minors  over  that  age  are  comprehended  in  the  definition  of  em- 
ployee protected  and  boimd  by  the  provisions  of  the  workmen's 
compensation  act. 

Rhode  V.  J.  B.  B.  Goal  Co.  (W.  Va.),  90  Southeastern,  796,  p.  798. 

VIOLATION  OF  DUTY — ^EMPLOYMENT  OF  BOY — NEGLIGENCE. 

A  coal-mine  operator  who  employed  a  boy  mider  16  years  of  age 
to  work  in  his  coal  mine  in  violation  of  the  statute  is  liable  aside 
from  any  question  as  to  the  prohibited  age^  where  the  operator 
placed  the  boy,  without  giving  him  any  instructions  at  a  trap  door 
to  open  and  close  the  same  and  where  a  driver  coming  from  the  op- 
posite direction  without  waiting  for  the  boy  to  open  the  door  ran  his 
motor  through  the  closed  door  and  ran  over  the  boy,  who  was  in  the 
entry  on  the  opposite  side  and  close  to  the  door. 

Carter  Coal  Co.  v.  Love  (Kentucky),  190  Southwestern,  481,  p.  482. 

EMPLOYMENT  OF  CHILDREN — LIABILITY. 

The  statute  of  Kentucky  (sec.  SSla,  subsec.  9)  prohibits  coal-mine 
operators  from  employing  children  imder  16  years  of  ag^e  in  any 
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capacity  in  or  about,  or  in  connection  with  any  mine,  coke  oven,  or 
qoany.  In  an  action  against  a  mine  operator  for  the  death  of  a  boy 
under  16  years  of  age  employed  by  an  operator  in  violation  of  th^ 
statute,  it  is  sufficient  to  sustain  a  recovery  to  prove  that  the  boy 
was  employed  by  the  defendant  operator  and  that  he  was  under  16 
years  of  age. 

Otfter  Coal  Go.  v.  Love  (Kentucky),  190  Southwestern,  481,  p.  482. 

EMPLOTMENT  OF  BOY — BIGHT  OF  FATHER  TO  BEOOVSB. 

In  an  action  against  a  coal-mine  operator  for  the  death  of  a  boy 
under  16  years  of  age^  the  fact  that  the  father,  the  sole  beneficiary 
and  for  whose  use  the  suit  was  brought,  consented  to  the  employment 
of  the  boy,  can  not  be  taken  advantage  of  on  the  trial  of  the  case  by 
the  mine  operator  in  the  absence  'of  an  affirmative  answer  pleading 
the  same. 

Outer  CkMkl  Co.  v.  Love  (Kentucky),  190  Southwestern,  481,  p.  483. 

VIOLATXOK  BY  XZNBB. 
niTOXICATED  MINEB  ENTEBINQ  MINE — ^PBOXIHATE  CAUSE  OF  INJUBY. 

The  statute  making  it  an  offense  for  any  person  to  enter  a  mine 
under  the  influence  of  intoxicating  liquors  or  to  carry  intoxicating 
liquors  into  a  mine  (Alabama  Laws,  1911,  p.  536)  was  enacted  for  the 
beoiefit  of  the  mine  owner  or  operator  and  of  his  employees  as  dis- 
tinguished from  the  public  generally.  Ordinarily  the  violation  of  a 
statute  is  negUgence  per  se;  but  the  violation  of  a  statute  to  consti- 
tute negligence  that  renders  a  mine  operator  Uable  or  will  defeat  a 
miner's  action  for  damages  must  be  the  proximate  cause  of  the  in- 
jury complained  of.  A  miner  entering  a  mine  under  the  influence  of 
intoxicating  liquors  is  guilty  of  an  offense  against  the  statute  and 
such  intoxication  is  a  defense  to  an  action  by  the  miner  for  injuries 
where  it  is  made  to  appear  that  such  intoxication  was  the  proximate 
cause  of  the  injury  complained  of. 

Reynolds  v.  Woodward  Iron  Co.  (Alabama),  74  Southern,  360,  p.  362. 

MINSK'S  WOBEXNG  PLACE. 
BXTBirr — TKAVBUNO  WAT. 

The  whole  of  a  room  in  which  a  coal  miner  works  while  nuning  coal 
and  while  pushing  cars  used  hy  him  in  his  work  is  his  working  place, 
and  no  part  of  it  is  a  traveling  way  within  the  meaning  of  section 
6276  of  the  Kansas  General  Statutes  of  1915. 

Bicardo  v.  Centarad  Coal  d  Coke  Co.  (Kansas),  163  Bicific,  641,  p.  643. 
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BFFECT  OK  OONTBIBXTTOBY  NBaUGENOB. 
miner's   knowledge   of   defects — FAILURE   TO   INFORM   OPERATOR. 

The  proviso  of  section  3910  of  the  employers'  liability  act  of  Ala- 
bama (Alabama  Code,  1907),  relieving  an  employer  or  operator  from 
liability  where  the  employee  or  miner  knew  of  the  defect  and  failed 
to  inform  the  employer  or  operator,  is  intended  to  relieve  the  em- 
ployee or  miner  from  the  imputation  of  contributory  negligence 
predicated  on  the  fact  of  his  remaining  in  service  after  knowledge  of 
the  defect  or  negligence  in  an  action  by  him  for  injuries;  but  it  does 
not  reheve  him  of  the  duty  to  give  information  of  such  defect  or 
negligence  when  he  knows  of  it  and  the  employer  or  operator  has  no 
knowledge  or  notice  thereof.  But  the  emplovee  or  miner  is  not  re- 
quired to  inform  the  employer  or  gperator  of  tne  defect  or  negligence 
where  the  employer  or  operator  already  has  knowledge  of  such  defect 
or  negligence. 

Reynolds  v.  WoodwBid  Iron  Go.  (Alabama),  74  Southern,  360,  p.  362. 

AXTTHOBITY  OF  XZNB  FOBBMAN. 
AX7THOBITT  OF  MINE   FOREMAN  TO  EMPLOY  ASSISTANT. 

Section  2726  (Kentucky  statute)  provides  that  the  mine  foreman 
shall  have  charge  over  the  inside  workings  of  a  mine  and  of  the  per- 
sons employed  therein.     It  also  provides  that  assistants  to  the  mine 
foreman  may  be  employed  by  the  operator  or  superintendent.    Under 
this  statute  a  mine  foreman  has  no  authority  to  employ  an  assistant 
mine  foreman.    But  if  a  mine  foreman  employs  an  assistant  and  the 
assistant  with  the  knowledge  and  acquiesence  of  the  superintendent 
or  operator  of  the  mine  acts  in  that  capacity,  their  knowledge  and 
acquiesence  in  the  employment  by  the  mine  foreman  and  what  the 
assistant  was  doing,  would  constitute  an  approval  or  a  ratification  of 
the  employment  and  would  place  the  assistant  in  the  attitude  as  if 
he  had  been  employed  by  the  operator  or  mine  superintendent  as 
required  by  the  statute.     Under  such  circumstances  a  mine  operator 
would  be  liable  for  the  acts  of  such  assistant  to  the  same  extent  as  if 
he  had  been  appointed  or  employed  by  the  operator  or  superintendent. 
But  such  an  assistant  can  not  recover  for  an  injury  received  by  a  pre- 
mature shot  made  by  a  miner  in  a  part  of  the  mine  distant  from  the 
place  where  such  assistant  was  required  to  perform  his  ordinary  duties 
as  a  regular  employee.     If  he  was  not  an  authorized  assistant  mine 
foreman,  he  was  purely  a  volunteer  and  had  no  business  to  leave  his 
work  and  go  to  another  part  of  the  mine  where  the  shot  was  fired. 
If  he  went  as  assistant  mine  foreman,  the  mine  operator  would  not 
be  liable  for  injuries  received  by  him  from  the  shot.    If  he  went  as 
a  volunteer,  he  can  not  recover,  because  as  a  volunteer  he  had  no 
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bnsineas  at  the  place  where  the  shot  was  fired  and  no  duty  to  perfona 
there. 
HaniB  v.  Lunb  Goal  Go.  (Kentucky),  190  SouthiresteRi,  121,  p.  123. 

lONB&S'  WASH-BOOK  LAW. 
miners'   wash-boom  law — DUTY  TO  FURNISH  SUPPLIES. 

The  miners'  wash-room  law  of  Indiana  (Bums  Stat.  1914>  sec.  8623) 
requires  miners'  wash  rooms  to  be  supplied  with  cold  and  warm  water 
and  to  be  provided  with  all  necessary  facilities  for  persons  to  wash, 
and  with  lockers  for  the  safe-keeping  of  clothing  and  relieyes  the 
operator  from  furnishing  soap  or  towels.  The  proviso  which  excuses 
the  mine  owner  from  furnishing  soap  and  towels  makes  it  dear, 
from  the  other  requirements  that  all  other  things  essential  to  the 
equipment  and  maintenance  of  the  wash  room  shall  be  furnished  by 
the  mine  owner  on  the  principle  that  where  one  thing  is  mentioned 
m  a  statute  it  is  to  the  exclusion  of  all  other  things.  Where  the 
statute  excepts  from  the  things  to  be  furnished  in  the  maintenance 
of  the  wash-room  soap  and  towels,  it  follows  that  all  things  necessary 
to  its  proper  equipment  and  maintenance  shall  be  furnished  by  the 
operator. 

Fdnceton  Goal  Go.  v.  Fettinger  (Indiana),  114  Northeastern,  406,  p.  407. 

miners'    wash-room  law — VALIDITT. 

The  miners'  wash-room  law  of  Indiana  (Bums  Stat.  1914,  sec.  8623) 
requiring  that  miners'  wash  rooms  shall  be  maintained  by  the  coal 
companies  is  no  more  in  conflict  with  the  constitution  than  the  part 
requiring  that  .the  wash  room  should  be  built  by  the  mine  owner. 
The  act  is  constitutional  and  valid. 

Princeton  Goal  Go.  v.  Fettinger  (Indiana),  114  Northeastern,  406,  p.  407. 

FAILURE   TO   FURNISH  WASHHOUSE — ^LIABILnT   OF    SUPERINTENDENT. 

The  statute  of  Indiana  requiring  mine  operators  to  erect  and  main- 
tain washhouses  for  the  benefit  of  the  employees  (Bums  Stat.  1914, 
sec  8623)  includes  mine  superintendents  within  its  operation,  and  a 
mine  superintendent  who  fails,  on  request  of  the  miners  to  provide  a 
wash  room,  is  Hable  to  a  criminal  prosecution  under  the  statute. 

McQnade  v.  Stote  (Indiana),  115  Northeastern,  583. 

WOBXMBN'S  0OMPBN8ATI0N  ACT. 

APPEAL — QUESTIONS  CONSIDERED. 

On  appeal  from  a  decision  of  the  industrial  board  provided  for  by 
the  workmen's  compensation  act  of  Illinois  (Laws  1913,  p.  347)  the 
court,  in  reviewing  the  proceedings  of  the  board,  can  only  review 
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questions  of  law  and  can  only  determine  from  the  facts  recited  in  the 
decision  of  the  industrial  board  whether  that  body  acted  within  its 
powers  in  making  the  award. 

Kerons-Donnewald  Goal  Go.  v.  Industrial  Board,  115  Northeastern,  225,  p.  227. 

OONOLUSIYENESS  OF  FINDINGS. 

Under  section  19  of  the  workmen's  compensation  act  of  niiBois 
(Laws  1913,  p.  347)  when  the  industrial  board  acts  within  its  power, 
its  findings  upon  the  facts  are  conclusive  upon  the  courts. 

Illinois  Midland  Goal  Go.  v.  Industrial  Board,  115  Northeastern,  527,  p.  52S. 
FINDING — TOTAL  AND  PERMANENT  DISABILITT. 

A  finding  of  the  industrial  board  under  the  Illinois  workmen's 
compensation  act  (Laws  1913,  p.  347)  that  the  injured  workman  is 
"now  totally  disabled,^'  is  not  a  finding  and  does  not  have  the  effect 
of  a  finding  that  the  injured  workman  is  permanently  disabled.  A 
man  might  now  be  totally  disabled  and  yet  not  be  permanently 
disabled. 

Illinois  Midland  Goal  Go.  t^.  Industrial  Board,  115  Northeastern,  527,  p.  528. 

juBisDicrrioN  of  industrial  board. 

The  jurisdiction  of  the  industrial  board  to  review  the  proceedings 
of  the  committee  of  arbitration  does  not  depend  on  the  filing  of  a 
stenographic  report  within  the  time  specified  by  the  statute.  It  is 
sufficient  if  at  any  time  before  the  hearing  a  properly  authenticated 
stenographic  report  is  filed  with  the  industrial  board.  The  date  fibbed 
by  the  statute  as  to  the  filing  of  the  stenographic  report  is  directory 
and  not  mandatory,  and  is  not  jurisdictional. 

Illinois  Midland  Goal  Go.  v.  Industrial  Board,  115  Northeastern,  527,  p.  528. 

PRAGTIGE   AND  PROCEDURE. 

The  workmen's  compensation  act  of  Illinois  (Laws  1913,  p.  347) 
provides  (sec.  16)  that  the  industrial  board  may  make  rules  and  orders 
for  carrying  out  the  duties  imposed  upon  it,  and  that  the  process  and 
procedure  shall  be  as  simple  and  summary  as  reasonably  may  be. 
It  provides  also  (sec.  19)  for  the  appointment  of  a  committee  of  arbi- 
tration, where  the  employer  and  employee  can  agree*  There  is  no 
time  fixed  within  which  the  committee  shall  make  its  investigation 
and  report,  and  the  statute  in  no  way  intimates  that  the  committee 
of  arbitration  can  be  relieved  from  making  a  report  because  the  mem- 
bers do  not  agree,  but  it  positively  provides  that  it  shall  report. 
When  a  conmiittee  was  duly  appointed  and  reported  that  it  could 
not  agree,  it  was  the  duty  of  the  board  to  refer  the  matter  back  and 
require  a  final  report  from  the  committee. 

Kaiws-DoQnewald  Coal  Co.  v.  Industrial  Board,  115  Northeastern,  225,  p.  226. 


MINES  AND  MINING  OPERATIONS. 

NBGLIOBNOB  OF  OPBBATOB. 

ioneb's  knowlbdoe  of  DANQEB. 

The  fact  that  a  foreman  directed  a  rope  tender  to  disentangle 
with  his  hands  the  rope  while  in  motion  in  case  it  caught  under  the 
croBsties  and  that  in  following  the  directions  the  miner  was  injured 
is  not  sufficient  to  charge  the  mine  operator  with  negligence  where 
presumptively  the  miner  was  a  man  in  full  possession  of  all  of  his 
faculties  and  fully  appreciated  the  danger  of  taking  hold  of  the  rope 
while  it  was  in  motion. 

Victor  American  Fuel  Go.  v.  Eidson,  237  Fed.,  999,  p.  1102. 

IKOBEASINO  DANOEB. 

A  mine  operator  is  liable  on  the  ground  of  negligence  for  the  death 
of  a  miner  who  with  others  and  with  the  knowledge  and  consent 
of  the  operator  entered  a  mine  to  extinguish  a  fire  and  while  so  in 
the  mine  seeking  to  extinguish  the  fire  and  without  any  knowledge 
on  his  part^  the  operator  caused  the  fan  to  be  started  thereby  driving 
the  smoke  and  heat  into  the  entries  and  places  where  the  miner 
was  compelled  to  go,  causing  his  suffocation  and  death. 

Western  €k)al  &  Miniiig  Co.  v,  McGallum,  237  Fed.,  1103,  p.  1105. 

AOBBEMENT  TO   HAUL    MINEBS — CX>NTBACrnNO  AOAINST  NBQLIOENOB. 

A  railroad  company  constructed  and  operated  a  branch  line  from 
its  main  road  to  obtain  coal  mines  in  operation  and  shipping  over  its 
road.  By  agreement  between  the  mine  operator  and  the  miners  on 
the  one  part,  and  the  mine  operator  and  the  railroad  company  on 
the  other,  it  was  agreed  that  the  railroad  company  should  haul  the 
miners  from  the  mine  to  their  homes  for  $1.50  per  month  and  that 
this  amount  shoidd  be  deducted  from  their  wages  by  the  operator 
and  by  him  paid  to  the  railroad  company  monthly.  The  carriage 
was  to  be  over  the  line  of  the  railroad  company  and  in  its  cars  and 
subject  to  its  direction  and  control.  Under  such  circumstances  each 
miner  while  being  transported  was  a  passenger  on  the  road  of  the 
raiboad  company,  and  the  company  was,  under  the  circumstances, 
a  common  carrier  and  it  can  not;  as  a  common  carrier,  avoid  responsi- 
bility for  its  own  negligence,  resulting  in  an  injury  to  one  of  the  coal 
miners,  and  can  not  by  contract  relieve  or  limit  its  liability  as  such 
common  carrier. 
Yaadalia  Railway  Co.  v.  Stevens  (Indiana  App.),  114  Northeastern,  1001,  p.  1006. 

45 
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METHOD  OF  MOYINQ   CABS. 

An  employee  of  a  coal-mine  operator  was  given  the  duty  of  moying 
the  loaded  cars  away  from  the  tipple  and  setting  empties  at  the  tipple 
to  be  loaded.  Another  employee  assisting  in  the  work  was  directed 
to  release  the  brakes  on  two  empty  cars  and  start  them  down  the 
track  to  be  placed  at  the  tipple.  As  the  cars  came  down  of  their 
own  momentum  they  ran  against  another  car  standing  on  the  track 
and  pushed  it  against  another  car  a  few  feet  distant.  In  some  manner 
unknown  the  first  employee  was  standing  between  the  couplings 
of  these  two  cars,  or  passing  between  them  as  the  first  car  was  struck 
by  the  two  sent  down,  and  instantly  killed.  The  mining  company 
can  not  be  charged  with  neghgence  where  there  is  nothing  to  show 
the  purpose  for  which  the  deceased  employee  passed  between  the 
cars  at  the  particular  time  and  where  it  also  appeared  that  the  empty 
cars  started  down  to  the  tipple  went  at  a  speed  of  from  2  to  6  miles 
an  hour,  and  where  it  appeared  that  there  was  nothing  unusual  in 
the  maimer  of  placing  the  empty  cars  and  that  the  deceased  employee 
was  famiUar  with  the  methods  adopted  in  placing  the  empty  cars  at 
the  tipple,  and  nothing  to  show  that  it  was  customary  to  give  any 
notice  of  the  moyement  of  cars  down  the  incline,  or  to  have  a  person 
stand  on  the  front  end  for  the  purpose  of  warning  persons  who  might 
happen  to  be  on  or  near  the  track,  or  that  the  deceased  employee 
had  any  right  to  depend  on  any  warning  or  signal  of  the  movements 
of  the  cars;  but  on  the  contrary,  it  appeared  that  the  work  in  which 
he  was  engaged  required  him  in  the  exercise  of  ordinary  care  for  his 
own  safety  to  keep  a  lookout  for  the  movement  of  empty  cars  coming 
down  the  incline. 

West  Kantucky  Coal  Co.  v.  Heady  (Kentucky),  190  Southwestern,  475,  p.  477. 

PBOOF  OF   CUSTOM   AS   AFFECTINO   UABILITr. 

Evidence  of  a  custom  in  a  mining  district  that  a  mine  operator 
should  look  after  the  safety  of  roofs  of  entries  to  the  mine  and  of  the 
operator's  responsibihty  for  the  condition  of  such  roofs  when  notified 
of  their  defects  and  that  an  entry  means  a  passageway  high  enough 
for  mules  to  pull  small  cars  through  is  admissible  in  an  action  for 
personal  injuries  resulting  from  the  falling  of  a  roof,  where  the  miner 
was  engaged  in  the  entry. 

Bicaido  v.  CentnJ  Coal  db  Coke  Co.  (Kaosas),  163  Pacific,  641,  p.  644. 

INJUBT  RESULTING  FROM  ONE  OF  TWO   CAUSES. 

Where  an  injury  resulted  to  a  miner  from  one  of  two  causes  for 
one  of  which  and  not  the  other  the  mine  operator  would  be  liable, 
the  burden  rests  upon  the  injured  miner  to  show  with  reasonable 
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e^rtainty  that  the  cause  for  which  the  operator  id  liable  produced 
the  injuiy,  and  if  the  evidence  leaves  it  to  conjecture  the  injured 
miner  must  fail  in  his  action. 
Gnvesv.  United  States  Smelting  Co.  (Miasouri  App.),  192  Southwestern,  472,  p.  473. 

UNGUARDED  TROLLEY   WIRE — QUESTION  OP   PACT. 

A  coal-mining  corporation  operated  its  cars  in  its  coal  mines  by 
means  of  electricity.  The  main  trolley  wire  was  strung  in  the  heading 
4  feet  7^  inches  above  the  rail  and  about  6  inches  outside  of  the  rail 
The  wire  was  at  all  times  heavily  charged.  At  the  different  rooms 
extending  off  from  the  heading  were  switches  by  which  the  miners 
could  take  the  cars  into  their  several  rooms.  In  order  to  get  a  car 
from  the  main  track  onto  the  switch  it  was  necessary  for  a  miner 
to  go  from  his  room  into  the  heading  and  "slew''  or  shift  the  car 
from  the  main  track  to  start  onto  the  switch.  The  front  end  of  the 
car  was  first  shifted  and  the  miner  must  then  go  to  the  other  end 
and  shift  or  slew  it  and  then  push  the  car  into  his  room.  A  miner 
desiring  a  car  in  his  room  went  into  the  heading,  met  a  car,  slewed 
or  shifted  the  front  end  as  usual,  and  in  attempting  to  pass  from 
the  front  to  the  rear,  he  stepped  on  the  side  of  the  car  on  which  the 
trolley  wire  was  strung  and  came  in  contact  with  the  heavily  charged 
wire  and  received  a  shock  causing  his  death.  The  miner  knew  of 
the  presence  of  the  trolley  wire,  but  had  nothing  whatever  to  do  with 
placing  it  in  position  or  with  maintaining  it  in  a  dangerous  or  safe 
condition.  The  usual  custom  of  the  miners  in  shifting  or  slewing  the 
car  was  to  pass  on  the  side  opposite  from  the  trolley  wire.  Under 
such  circumstances  and  in  view  of  the  fact  that  many  other  mine 
operators  in  the  community  maintained  unguarded  wires  in  the  opera- 
tion of  their  cars  by  electricity,  the  questions  of  n^Ugence  of  the 
operator  as  well  as  the  contributory  n^ligence  of  the  miner  are 
questions  of  fact  to  be  determined  by  the  jury. 

Reynold  v.  Woodward  lion  Go.  (Alabama),  74  Southern,  360,  p.  361.   ' 

PROOP  OF   NEOUOENGE. 

Where  a  miner  was  injured  in  the  course  of  his  employment  the 
burden  is  upon  him  to  show  that  his  injury  was  caused  by  the  negh- 
gence  of  the  mine  operator  where  his  action  for  damages  is  based 
upon  the  alleged  n^ligence  of  the  operator. 

Western  Goal  A  Mining  Go.  v.  Harrison  (Arkansas),  192  Southwestern,  190,  p.  191. 

PROOP  OP   NEOLIOENGE. 

In  an  action  by  a  miner  against  a  mine  operator  to  recover  for 
injuries  received  while  in  the  service  of  the  operator,  the  miner  must 
establish  three  things  to  entitle  him  to  a  recovery:    (1)  NegUgence 
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on  behalf  of  the  mine  operator.     (2)  The  happening  of  the  accident 
resulting  in  the  injury  complained  of.     (3)  That  the  injury  com- 
plained of  is  the  proximate  result  of  the  accident  and  the  negligence 
of  the  defendant. 
North  Jellico  Coal  Co.  v.  Stewart  (Kentucky),  191  Southwestern,  451,  p.  463. 

PERSON  INVrTED  ON  PREMISES  BY  FOREMAN — INJURY. 

The  chief  engineer  of  a  mining  company  after  an  electrical  storm 
found  an  employee  lying  in  an  unconscious  and  dying  condition  as 
the  result  of  an  accident.    In  the  absence  of  all  superior  officers,  he 
sent  a  messenger  for  a  physician.    A  physician  obeyed  the  summons 
and  on  his  arrival  examined  the  body  of  the  unconscious  employee 
and  went  to  the  telephone  to  call  an  assistant.     The  physiciaxi  in 
attempting  to  use  the  telephone  was  himself  severely  injured  by  a 
shock  due  to   the  negligent  construction   of  the  telephone   lines, 
whereby  a  power  wire  carrying  a  high  voltage  had  been  strung 
immediately  over  the  telephone  wires  and   during  the  electrical 
storm  the  power  wire  had  become  displaced  or  broken,  falling  upon 
the  telephone  wires,  charging  them  and  causing  the  injiuies  to  the 
employee  and  to  the  physician.     Under  the  circumstances  and  in 
the  absence  of  the  company's  chief  officers  and  of  the  danger  in 
attempting  to  call  them  by  telephone,  the  chief  engineer  was  justified 
in  dispatching  a  messenger  for  a  physician,  and  the  physician  on  his 
arrival  was  not  a  trespasser  but  an  invitee  on  the  premises  and  it 
was  the  operator's  duty  to  keep  the  premises  in  a  safe  condition, 
that  he  might  not  be  injured  while  he  was  there  professionally  in 
response  to  the  invitation.     It  is  not  a  question  of  the  authority  of 
the  chief  engineer  to  bind  the  operator  for  the  value  of  the  services 
rendered  by  the  physician  to  the  injured  employee,  but  he  had 
authority  to  invite  the  physician  upon  the  premises  for  the  purpose 
of  rendering  aid  to  the  injured  employee,  and  the  physician  went 
upon  the  premises  by  express  invitation  and  not  as  a  Ucensee.     The 
physician  did  not  exceed  his  invitation  by  attempting  to  use  the 
telephone.    He  needed  assistance  and  the  telephone  being  within 
reach,  he  did  what  anyone  imder   like  circumstances  would   have 
done.    The  telephone  was  one  of  the  means  he  attempted  to  use  to 
carry  out  the  purpose  of  the  invitation.     The  negUgence  in  the  defec- 
tive construction  of  the  power  and  telephone  Unes,  and  the  failure 
to  provide  safeguards  to  prevent  the  power  wire  from  falling  upon 
the  telephone  wire  is  sufficient  to  render  the  operator  liable,  although 
the  operator  did  not  have  actual  knowledge  that  the  power  wire 
had  come  in  contact  with  the  telephone  wire. 

Jones  V.  Pennsylvania  Coal  &  Coke  Corporation  (Pennsylvania),  99  Atlantic,  1008, 
p.  1009. 
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NEOLIQENT    ORDERS    OF    SUPERINTENDENT — QUESTION    OF    FACT. 

In  an  action  by  a  helper  in  the  operation  of  a  coal-cutting  machine 
for  damages  for  injuries  received  by  being  caught  by  a  defective 
cable  and  dragged  into  the  teeth  of  the  machine,  the  question  as  to 
whether  or  not  the  order  of  the  superintendent  in  ordering  the 
helper  to  set  up  the  jack  pole  and  to  hold  the  same  in  position  when 
being  drawn  out  of  position  by  the  force  or  strain  on  the  cable  attached 
to  the  jack  pole  was  a  negligent  order,  is  a  question  of  fact  to  be 
determined  by  the  jury. 

TenneoBee  Goal,  Iron  A  Railway  Go.  v.  WiggLos  (Alabama),  73  Southern,  516,  p.  518. 

DTTTT  OF  OPEBATOB  TO  FX7BNISH  8AFB  PLACB. 
SAFE  PLAGE — QUESTION  OP  PACT. 

The  duty  rests  upon  a  mine  operator  to  use  reasonable  care  to 
famish  a  miner  a  safe  working  place;  but  the  question  as  to  whether 
or  not  this  duty  was  performed  and  as  to  whether  or  not  the  place 
was  safe  is  one  for  the  determination  of  the  jury. 

Big  Vein  Pocahontas  Go.  v.  Repass,  238  Fed.,  332,  p.  334. 

WHAT  GONSTITUTES  SAFE  PLAOE. 

The  doctrine  of  safe  place  does  not  apply  to  a  place  that  is  not  in 
fact  dangerous  or  unssie,  nor  to  a  place  where  it  appears  that  the 
work  at  such  particular  place  was  attended  with  more  difficulty 
than  other  places.  The  doctrine  does  not  apply  where  a  laborer  in 
a  coal  mine  was  employed  to  push  cars  through  a  tunnel  and  in  con- 
sequence of  a  fall  of  slate  the  track  had  been  raised,  making  an  incline 
over  the  fall,  and  in  attempting  to  push  his  car  over  the  place,  his 
strength  being  insufficient,  the  car  rolled  back  upon  him,  causing  the 
injury  complained  of. 

Sankbury  v.  Elk  Horn  Gonaolidated  Goal  A  Goks  Go.  (Kentocky),  192  South- 
western, 20,  p.  21. 

SAFE  PLAGE — ^APPUOATION  OF  DOOTRINE. 

The  rule  requiring  a  mine  operator  to  furnish  a  safe  place  for  his 
miners  to  work  does  not  apply  to  a  miner  who  himself  is  making  an 
unsafe  place  safe. 

Gfaves  v.  United  States  Smelting  Go.  (Missouri  App.),  192  Southwestern,  472. 

The  rule  that  a  mine  operator  or  other  employer  must  exercise 
reasonable  care  to  furnish  a  miner  or  an  employee  with  a  safe  place 
in  which  to  work  does  not  apply  where  the  miner  or  employee  is 
himself  creating  the  place  in  which  he  works,  or  where  the  danger 
was  such  as  was  created  by  the  miner  or  employee  in  the  progress  of 
his  work. 

New  Hushes  Jellico  Goal  Go.  v.  Gray  (Kentucky)  191  Southwestern,  78,  p.  79. 
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OPBBATO&'S  P&0KX8B  TO  &BPA2&. 
PBOHISE  TO  BEPAIB — ^BEUAKOE. 

Where  a  miner  complains  of  the  dangerous  condition  in  which 
he  had  to  work  that  is  due  to  the  operator's  negligence  and  the 
operator  promises  to  remedy  the  same,  the  miner  may  in  reliance 
upon  the  promise  remain  for  a  reasonable  time  in  the  employment 
without  assuming  the  risk  or  depriving  himself  of  the  right  to  recover 
for  injuries  received  because  of  such  dangerous  condition. 

New  Huijiefl  JeUico  Go.  v.  Gimy  (Kentucky),  191  Southwestern,  78,  p.  79. 

A  miner  working  at  the  bottom  of  a  shaft  complained  to  the 
operator  of  an  extra  and  imusual  amount  of  coal  falling  down  the 
shaft  and  the  danger  thereof  caused  by  constructing  and  maintain- 
ing the  dumping  blocks  too  low  by  which  self-dumping  cages  were 
unloaded  at  the  top  of  the  shaft.  On  the  promise  of  the  operator 
to  remedy  the  difficulty  and  remove  the  danger  the  miner  had  a 
right  to  rely  for  a  reasonable  length  of  time  on  the  promise  to  repair 
and  remedy  the  danger,  and  it  is  proper,  under  certain  circumstances, 
for  a  court  to  submit  to  a  jury  the  question  of  whether  or  not  a 
reasonable  time  for  making  the  repairs  had  expired. 

Western  Goal  A  Uining  Go.  v.  HamsoQ  (Arkansas),  102  Southweston,  190,  p.  191. 

PROMISE    TO   BEMEDT — ^MINER    GONTINUING    WORK. 

The  rule  that  a  miner  may  continue  to  work  in  a  dangerous 
place  for  a  reasonable  length  of  time  after  the  operator  has  promised 
to  remedy  and  remove  the  danger,  without  subjecting  himself  to  the 
charge  of  contributory  negligence,  does  not  apply  where  the  risk 
incurred  in  remaining  in  the  place  is  so  great  and  imminent  that  a 
reasonably  prudent  man  would  not  incur  it.  The  promise  of  the 
operator  to  remedy  the  conditions  does  not  make  it  an  insurer  of  the 
safety  of  the  place  for  a  reasonable  time  thereafter.  The  miner 
must  still  exercise  ordinary  care  for  his  own  safety,  and  if  he  exposes 
himself  to  dangers  that  are  so  threatening  or  obvious  as  likely  to 
cause  injury  at  any  moment,  he  is,  notwithstanding  the  promise  of  the 
operator,  guilty  of  contributory  negligence  and  can  not  recover  for  an 
injury  received  while  continuing  in  such  place. 

New  Hufi^es  JelUco  Co.  v.  Gray  (Kentucky),  191  Southwestern,  78,  p.  79. 
Consolidated  Coal  Co.  v,  Spradlin  (Kentucky),  190  Southwestern,  10«9. 
Saulsbury  v.  Elk  Horn  ConsoUdated  Coal  A  Coke  Co.  (Kentucky),  192  South- 
western, 20. 

Western  Coal  &  Mining  Co.  v.  Harrison  (Arkansas),  192  Southwestern,  191,  p.  192. 


lOKSa  AKD  MIKING  OPEBATtOKB.  61 

XXHB&'S  WOBXnflTO  PLAOB— 8AVB  PLAOB. 
MINEB  MAKIXG   SAFE  PLAGE. 

The  doctrine  of  safe  place  and  of  fellow  servant  and  of  assumed 
risk  have  no  application  where  an  experienced  miner  or  timberman 
is  set  to  work  in  a  compartment  to  remedy  defects  and  to  make  the 
eompartmeot  safe  for  miners  using  a  ladderway  in  going  into  and 
ooming  out  of  the  mine. 

Dmjicevic  v.  Qiampion  Copper  Go.  (MichigMi),  160  NorthweBtem,  451,  p.  452. 


miner's    room    as    WORKING    PLAGE. 

In  an  action  by  a  miner  for  damages  for  injuries  caused  by  a  fall 
of  rock  from  the  roof,  it  appeared  Uiat  the  miner  was  sent  into  a 
room  that  had  been  partly  worked  out  by  another  miner;  that 
on  the  day  before  the  miner  went  to  work  he  examined  the  roof  and 
concluded  that  the  roof  was  bad  and  on  complaint  the  mine  boss 
promised  to  send  in  props  and  timbermen  to  fix  the  roof.  Before 
the  miner  went  to  work  he  found  some  props  and  set  them  so  that 
he  could  work  in  the  face  of  the  coal.  The  injury  complained  of  was 
eaused  by  a  rock  which  fell  from  the  roof  in  that  part  of  the  room 
from  which  the  coal  had  been  taken  before  he  began  work.  Evi- 
dence was  admitted  tending  to  show  that  it  was  the  custom  in  the 
mine  for  the  mine  operator  to  put  a  room  in  a  safe  condition  when 
starting  a  miner  to  work  in  it,  after  it  had  been  partly  worked  out  by 
another  miner.  If  any  part  of  the  miner's  room  was  a  traveling 
way  under  the  statute,  proof  of  such  custom  would  be  unnecessary  and 
wholly  imnraterial.  The  existence  of  the  custom  argues  that  the 
whole  of  the  room  is  the  miner's  working  place  and  that  no  part  of  it 
is  a  traveling  way.  The  evidence  shows  that  the  miner  received  his 
cars  on  the  switch  at  the  entry  to  his  room,  pushed  the  cars  in,  loaded 
them  and  pushed  them  out  again  to  the  switch,  showing  that  the 
miner  used  the  whole  length  of  the  room  as  his  working  place.  Under 
such  circumstances  a  court  is  compelled  to  say  that  the  place  in 
which  the  plaintiff  was  injured  was  his  working  place  and  not  a 
traveling  way  within  the  meaning  of  the  statute.  A  mine  operator 
is  authorized  under  the  statute  to  require  a  miner  to  examine  and 
prop  his  working  place;  and  if  a  miner  is  so  instructed  and  fails  to 
make  his  working  place  safe,  he  can  not  recover  from  the  operator 
for  injuries  due  to  his  failure  to  make  his  working  place  safe. 

Bicardo  v.  Oentral  Coal  A  Coke  Co.  (Kansas),  183  Pacific,  641,  p.  644. 

DITTT  OF  MINEB  TO   INSPECT. 

Under  a  custom  existing  in  a  mine  each  miner  was  required  to 
observe  and  to  inspect  the  condition  of  his  room  in  which  he  worked 
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and  also  the  room  neck  where  he  was  required  to  do  at  least  a  part 
of  the  work,  and  if  he  discover  any  loose  slate  or  stone  to  remove  it 
if  possible  and  if  not  to  report  it  to  the  mine  boss.  This  custom 
did  not  impose  the  exclusive  duty  of  inspection  upon  the  miner, 
where  it  is  shown  that  there  was  a  mine  boss  or  inspector  and  an 
assistant  whose  duty  it  was  to  inspect  the  condition  of  all  parts 
of  the  mine  where  miners  were  at  work.  The  inspector  or  his  assistant 
visited  the  miner's  room  daily  and  made  daily  inspection  of  the  room 
neck.  The  injured  miner  never  discovered  or  reported  any  loose 
slate  to  the  mine  boss  and  the  piece  of  slate  that  fell  and  injured  the 
miner  was  the  only  one  that  ever  fell  from  the  room  neck.  Under  the 
circumstances  the  mine  operator  can  not  be  charged  with  negligence. 
North  Jellico  Goal  Go.  i;.  Stewart  (Kentucky),  191  Southwestern,  451,  p.  453. 

DUTY  TO  WABN  OB  INSTRUCT. 
DUTY  TO   WABN. 

To  order  an  employee  to  perform  a  dangerous  service,  standing 
alone,  is  not  negligence,  and  to  allege  such  fact  without  alleging  other 
facts  showing  the  duty  on  the  part  of  the  mine  operator  to  warn,  and 
a  violation  of  such  duty,  does  not  charge  neghgence.  While  aU 
machinery  is  more  or  less  dangerous,  still  the  duty  to  warn  exists 
only  in  special  cases.  From  the  allegations  of  the  complaint,  it  must 
be  presumed  that  the  plaintiff  was  a  man  in  the  full  possession  of  all 
his  faculties  and  was  capable  of  appreciating  and  knowing  the  dangers 
of  the  service  he  was  ordered  to  perform  as  well  as  thefor^nan; 
therefore  the  allegation  that  he  did  not  know  of  the  danger  does  not 
help  his  case. 

Victor  American  Fuel  Co.  i;.-Edi9on,  237  Fed.,  999,  p.  1102. 

DUTY  OWING  TO  A   VOLUNTEER. 

A  mechanic  and  miner  who  with  the  knowledge  and  consent  of  the 
mine  foreman  with  others  entered  a  mine  for  the  purpose  of  putting 
out  a  mine  fire,  though  classed  imder  the  term  '' volunteer",  used  in 
its  broadest  sense,  assumed  the  risk  of  the  conditions  as  they  existed 
when  he  entered  the  mine,  but  he  did  not  assiune  a  new  risk  when  the 
operator  by  affirmative  action  increased  the  danger.  Under  sudi 
circumstances  it  can  not  be  said  that  the  operator  owed  him  no  duty 
or  that  the  duty  owing  consists  merely  in  not  intentionally  injuring 
him.  An  employee  who  makes  himself  useful  in  a  matter  not  cov- 
ered by  an  express  command,  but  whose  services  are  accepted,  though 
not  in  any  express  words,  does  not,  as  a  matter  of  law,  put  himself 
outside  the  limits  of  his  employment. 

Western  Coal  &  Mining  Co.  v.  McCallum,  237  Fed.,  1103,  p.  1105. 
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OONTBIBXrrOBY  NBauaBNCB  OF  lONBB. 
OONTRIBUTOBT   NEGUGENCE   AS  QUESTION   OF  LAW. 

A  miner  working  in  his  room  discovered  a  crack  in  the  roof  and  a 
piece  of  slate  resembling  a  horse  back  that  extended  beyond  and 
above  the  face  of  the  coal.  Before  removing  the  coal,  he  reported 
the  conditions  as  sufficiently  dangerous  to  request  the  foreman  to 
timber.  However,  he  and  his  buddie  continued  working  and  removed 
the  coal  from  beneath  the  slate  so  extending  beyond  the  face  of  the 
coal.  As  an  experienced  miner,  he  knew  that  if  iJie  coal  was  removed 
from  beneath  die  horse  back,  it  would  fall  if  not  timbered,  and  he 
knew  that  it  was  not  timbered.  After  removing  the  coal  beneath 
the  horse  back  he  got  upon  the  bottom  bench  and  began  shearing 
the  rib,  with  knowledge  of  the  fact  that  the  slate  was  Ukely  to  fall 
and  injure  him  at  any  time.  Notwithstanding  the  foreman's  promise 
to  timber,  the  miner  volimtarily  exposed  himself  to  an  obvious, 
known,  and  imminent  danger,  which  he  knew  was  Hkely  to  cause 
injury  at  any  moment,  and  he  was  therefore  guilty  of  contributory 
negligence  as  a  matter  of  law. 

New  Hughes  Jellico  Coal  Go.  v.  Gray  (Kentucky),  191  Southwestern,  78,  p.  79. 

BUBDEN  OF  PBOVINO  OONTBIBUTOBT  NEGLIGENCE. 

In  hauling  coal  cars  out  of  a  mine  it  was  necessary  at  an  incUne  to 
sprag  the  wheels  of  the  car,  and  when  the  car  reached  the  bottom  of 
the  incline  it  was  customary  for  the  driver  to  jump  from  the  cars  to 
protect  himself.  In  an  action  for  the  death  of  a  car  driver  caused  by 
his  failure  to  jump  from  his  car,  where  the  evidence  established  pri- 
mary negligence  on  the  part  of  the  mine  operator  which  proximately 
caused  the  injury  complained  of  with  nothing  in  the  circumstances 
establishing  contributory  negligence  on  the  part  of  the  car  driver, 
and  where  it  did  not  appear  that  the  deceased  driver  knew  of  the 
necessity  of  jumping  from  the  car,  the  burden  of  proving  the  con- 
tributory negligence  of  the  car  driver  rested  upon  the  mine  operator 
when  it  was  interposed  as  a  defense  to  the  action. 

FokoD^Moirifl  Goal  Go.  v.  Dillon  (Oklahoma),  162  Pacific,  696. 

DDTT  OF  MACHINE   OPEBATOB — WABNINO  TO  HELPEB. 

In  an  action  by  a  machine  helper  for  damages  for  injuries  caused 
by  being  caught  by  the  cable  extending  from  the  machine  to  the  jack 
pole  and  drawn  into  the  knives  or  bits  of  the  machine,  causing  the 
injury  complained  of,  it  is  proper,  on  the  cross-examination  of  the 
machine  operator  to  whose  orders  the  helper  was  subject,  to  ask,  and 
to  reqiure  him  to  state,,  if  it  was  not  the  purpose  and  custom  in 
operating  the  machine  to  notify  the  helper  whose  duty  it  was  to  hold 
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the  jack  pole  in  place,  "when  the  machine  was  started  and  when  tue. 
bits  were  put  into  the  coal,  in  order  that  he  might  get  out  of  the  way. 
The  evidence  is  proper  in  such  a  case  on  the  question  of  the  contribu- 
tory negligence  of  the  injured  helper,  as  a  failure  of  the  machine 
operator  to  give  the  helper  notice  of  the  starting  of  the  machine 
would  tend  to  free  him  from  the  charge  of  contributory  negligence. 
Tennesee  Coal,  Iran  A  Railway  Co.  v.  V^ggiiis  (Alabama),  73  Southem,  516,  p.  518. 

INSTEUCnON — BURDEN   OF  PROOF. 

In  an  action  for  damages  for  the  death  of  a  car  driver  killed  while 
driving  his  first  trip  of  cars  in  a  coal  mine,  where  the  mine  operator 
pleads  as  a  defense  that  the  plaintiff  was  guilty  of  contributory  negli- 
gence, and  where  the  plaintiff's  evidence  shows  that  the  operator  was 
guilty  of  negligence,  but  with  nothing  in  the  circumstances  establish- 
ing contributory  negUgence  on  the  part  of  the  plaintiff,  the  court 
must  instruct  the  jury  that  the  burden  of  proving  contributory  negli- 
gence under  such  circumstances  is  upon  the  mine  operator. 

Folsom-MarriB  Coal  Co.  v,  Dillon  (Oklahoma),  162  Pacific,  696. 

FAn^URE  TO   OBET  INSTRUCTIONS. 


A  miner  reported  that  the  roof  of  his  working  place  was  bad  and 
the  bank  boss  instructed  him  to  the  effect  that  he  did  not  want  to 
shoot  the  roof  down  unless  it  was  necessary,  but  if  it  did  get  bad^  to 
go  ahead  and  shoot  it.  This  instruction  gave  the  miner  not  only 
authority,  but  directions,  to  shoot  down  the  roof  whenever,  in  his 
judgment,  it  became  necessary,  and  put  upon  him  the  duty  of  inspec- 
tion to  ascertain  its  condition  as  the  work  progressed.  Under  such 
circumstances  the  miner  was  guilty  of  such  contributory  n^ligence 
in  failing  to  obey  the  directions  of  the  mine  boss  as  would  defeat  his 
right  of  action  to  recover  damages  for  injuries  sustained  by  reason  of 
such  disobedience. 

Conaolidated  Coal  Co.  v.  Spradlin  (Kentucky),  191  Southwestern,  78,  p.  79,  Janu- 
ary, 1917. 

Gravee  i;.  United  Statee  Smelting  Co.  (BliaBouii  App.),  192  Southwestern,  472. 

KNOWLEDGE   OF  DANGEB. 

A  laborer  was  employed  in  a  mine  to  push  the  cars  of  coal  over  a 
track  and  through  a  tunnel  to  a  dumping  place.  There  had  been  a 
fall  of  slate  in  the  tmmel  and  the  track  over  which  the  cars  were 
pushed  was  laid  over  the  pile  of  slate,  making  a  hump  in  the  track. 
The  employee  had  knowledge  of  the  situation  and  of  the  condition  of 
the  track.  In  attempting  to  push  a  load  of  coal  over  the  hump  his 
strength  was  insufficient  and  the  car  started  back  and  ran  against 
and  upon  him,  causing  the  injury  complained  of.     Under  the  dreum- 
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stances  and  with  knowledge  of  the  condition  of  the  track  he  was 

held  to  be  guilty  of  such  contributory  n^ligence  as  to  prevent  a 

recovery. 

Salisbury  v.  Elk  Horn  Gonaolidated  Goal  &  Coke  Go.  (Kentucky),  102  Southwestem, 
20,  p.  21. 

VIOLATION   OF  RULES   BT  MINER — ^RECOVERY. 

A  coal-mine  operator  has  a  right  to  adopt  reasonable  rules  and 
regulations  for  the  safety  and  protection  of  his  miners  and  employees, 
and  when  rules  of  this  nature  have  been  adopted  an  employee  or 
miner  who  is  famiUar  with  the  rules  can  not  recover  from  the  operator 
damages  for  injuries  received  at  a  time  when  he  was  violating  the 
rules,  or  for  injuries  that  would  not  have  been  received  except  for  his 
violation  of  the  rules. 

Gatlift  Goal  Go.  v.  Peace  (Kentucky),  192  South virestem,  651,  p.  6&3. 

ASST7HPTION  OF  BISK. 

RISKS  ASSUMED. 
VOLUNTARY   SERVICE. 

A  machine  foreman  working  in  a  mine  and  pursuing  the  duties 
required  of  him  on  hearing  a  shot  fired  in  another  part  of  the  mine 
that  he  thought  was  fired  out  of  order  or  not  according  to  the  schedule 
for  firing  shots,  left  his  work  and  went  to  the  part  of  the  mine  and 
entered  the  room  where  he  thought  the  shot  had  been  fired.  As  he 
entered  the  room  another  shot  that  had  been  prepared  exploded 
causing  the  injury  complained  of.  In  going  to  the  place  where  he 
received  the  injuries,  he  was  not  acting  in  his  capacity  as  machine 
foreman  or  looking  after  the  machine  men  as  they  had  nothing  to  do 
with  shooting  or  blasting  coal.  He  did  not  receive  his  injuries  while 
working  in  his  capacity  as  machine  foreman  or  while  doing  anything 
connected  with  his  duties  as  such.  His  duty  as  machine  foreman 
did  not  require  him  to  give  any  attention  to  shots  fired  out  of  time 
or  to  go  to  the  place  where  the  noise  from  an  explosion  came  from, 
or  to  investigate  the  cause  of  it.  It  follows  that  he  could  not  recover 
damages  for  injuries  sustained  at  a  time  when  he  was  in  a  place  where 
his  duties  did  not  require  him  to  be  and  while  acting  purely  as  a 
volunteer. 

Hacru  v.  Lamb  Goal  Go.  (Kentucky),  190  Southweetem,  121,  p.  122.   • 

OSDINAST  RI0K8  OF  EMPLOTMENT. 

An  employee  in  a  coal  mine  assumes  not  only  such  risks  as  from  the 
nature  of  the  business,  as  ordinarily  conducted,  he  must  have  known, 
but  also  those  which  the  exercise  of  his  opportunities  for  inspection 
would  have  disclosed  to  him. 

£1  Puo  Goal,  Land  &  Fuel  Go.  v.  Howell  (Golorado),  161  Pacific,  293,  p.  294. 
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MINER  MAKINO  FLAGS  8AFB. 


An  experienced  timberman  in  a  mine,  32  years  of  age,  engaged  in 
repairing  a  compartment  in  a  mine  shaft;  which  because  of  its  age 
was  in  need  of  repair  so  as  to  make  it  a  safer  place  for  the  miners  who 
had  occasion  to  use  the  ladderway  in  this  compartment  can  not 
recover  from  the  mine  operator  for  injiiries  caused  by  falling  rock  in 
the  process  of  the  work. 

Drajicevic  v.  Champion  Copper  Co.  (Michigan),  160  Northwestern,  451. 


XNOWLBDOE   DIPLIBD. 


An  employee  in  a  coal  mine  assumes  the  ordinary  risks  incident  to 
the  employment,  although  he  does  not  have  actual  knowledge  of  the 
risk;  if  it  is  such  that  an  ordinarily  prudent  man,  under  the  circum- 
stances; could  by  reasonable  dihgence  have  discovered  it. 

El  Paso  Coal,  Land  A  Fuel  Co.  v.  Howell  (Colorado),  161  Pacific,  293,  p.  294. 

INJUBT  FROM  CURTAIN — QUESTIONS   OF  PACT. 

A  coal-mine  operator  caused  to  be  suspended  at  the  entrance  to 
one  of  the  rooms  in  a  coal  mine  a  curtain  of  excessive  and  unnecessary 
length  so  that  a  part  of  it  lay  upon  the  floor  of  the  mine  and  upon  the 
track  over  which  the  coal  was  hauled  out.  A  driver  of  coal  trips  was 
required  to  stop  his  car  at  the  entry  and  pass  through  the  curtain  in 
order  to  stop  his  train  and  attach  another  car,  and  while  alighting  from 
his  car  for  such  purpose,  owing  to  the  darkness  of  the  entry,  he  was 
tripped  by  stepping  on  that  part  of  the  curtain  which  lapped  and 
folded  on  the  floor  of  the  entry  and  was  thrown  down,  receiving  the 
injuries  for  which  he  sued.  The  complainant  had  no  knowledge  of 
the  curtain's  excessive  length  and  to  charge  hini  with  the  assumption 
of  the  risk  would  involve  the  question  whether  or  not  an  ordinarily 
prudent  man  would  imder  the  particular  circumstances  have  noticed 
that  the  curtain  was  too  long  and  this  is  a  question  of  fact  that  must 
be  determined  by  the  jury  upon  all  the  facts  and  circumstances  of 
the  case. 

El  Paso  Coal,  Land  <fc  Fuel  Co.  v.  Howell  (Colorado),  161  Pacific,  2W,  p.  294. 

INJUBT  TO  ASSISTANT  MINK   FORXICAN — VOLUNTBBR. 

A  coal-mine  operator  can  not  be  charged  with  negligence  and  ren- 
dered Uable  in  an  action  by  a  person  professing  to  act  as  assistant 
mine  foreman,  or  otherwise  as  a  volunteer,  where  the  operator  had 
fixed  a  regular  time  for  firmg  shots  by  the  miners,  and  where  a  miner 
mistaking  the  time  had  prematurely  prepared  his  shots  and  where 
on  the  firing  of  the  first  shot  before  the  fixed  time,  the  assistant  mme 
foreman  left  his  place  of  work  and  went  to  the  part  of  the  mine  where 
the  shot  was  fired  and  where,  as  he  entered  the  room,  a  second  shot 
went  oflF,  causing  the  injuries  complained  of.    If  the  employment  as 
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assistant  mine  foreman  waa  regular  and  the  injured  person  was  in 
fact  an  assistant  mine  foreman,  the  internal  operations  of  the  mine 
were  under  his  directions;  but  if  he  was  not  regularly  employed  as 
assistant  mine  foreman,  he  was  then  a  volunteer,  not  in  the  course 
of  his  employment,  at  the  time  of  the  injury,  and  in  neither  event 
could  he  recover  where  there  was  no  negligence  oh  the  part  of  the 
mine  operator  with  reference  to  the  shots. 

HarriB  v.  Lamb  Coal  Go.  (Kentucky),  190  Southwestern,  121,  p.  123. 

BISKS   NOT  ASSUMED. 
FAUiURB  TO  PROVIDE   SATE  FLAGS. 

A  mine  operator  may  he  guilty  of  such  negligence  as  will  render 
him  liahle  for  an  injury  to  a  miner  caused  hy  blocks  or  pieces  of  coal 
falling  down  the  shaft;  where  in  the  operation  of  self-dumping 
cages  the  dumping  blocks  are  made  and  maintained  too  low,  as  this 
causes  the  coal  to  lodge  on  the  edge  of  the  chute  and  as  the  cage  would 
swing  back  it  would  knock  the  coal  into  the  shaft.  Miners  working 
at  the  bottom  of  a  shaft  and  the  bottom  eager  assume  the  risk  of  pieces 
of  coal  falling  down  the  shaft  due  to  the  overloading  of  cages  and  the 
method  of  operating  cages,  yet  the  miners  at  the  bottom  of  the  shaft 
do  not  assume  the  risk  of  large  and  unusual  amounts  of  coal  falling 
down  the  shaft. 

Western  Goal  &  Mining  Go.  v,  Harruion  (Arkanaas),  192  Southwestern,  190,  p.  191. 

DANGERS  FROM  CURTAIN  AT  ENTRY. 

A  mine  operator  hung  at  the  entry  a  curtain  longer  than  necessary 
80  that  a  part  of  it  lay  upon  the  floor  and  on  the  tracks  where  coal  was 
hauled  out.  A  driver  of  coal  cars  was  required  to  stop  his  trip  at  the 
curtain  in  order  to  pass  through  and  to  take  on  another  car.  The 
curtain  made  the  entry  dark  and  in  aUghting  from  his  car  the  driver, 
without  knowledge  of  the  excessive  length  of  the  curtain,  and  of  the 
fact  that  a  part  of  it  lay  upon  the  floor  and  across  the  track,  caught 
his  foot  in  the  folds  of  the  curtain  causing  him  to  stumble  and  fall  and 
thereby  received  the  injuries  for  which  he  complained.  In  the  light 
of  the  circumstances  it  can  not  be  said'  as  a  matter  of  law  that  the 
knowledge  of  the  curtain's  excessive  length  should  be  imputed  to  the 
driver,  or  that  having  such  knowledge  there  was  danger  to  him  in 
such  excessive  length  of  the  curtain.  The  danger  was  not  obvious 
and  reasonable  men  might  draw  different  conclusions  as  to  the  com- 
plainant's duty  to  recognize  that  injury  to  him  might  result  from  the 
length  of  the  curtain.  Accordingly,  it  can  not  be  said  as  a  matter  of 
law  that  the  complainant  assumed  the  risk  incident  to  the  excessive 
length  of  the  curtain. 

P  Paso  Goal,  Land  de  Fuel  Go,  v.  KQwell  (Golorado),  161  Pacific.  293,  p.  295. 
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NBauaBNOB  OF  FBLLOW  SB&VANT. 
LIABILITY  OF  OFBBATOB. 

A  miner  was  injured  by  being  struck  in  the  eye  with  particles  of  rock 
and  dirt  caused  by  a  fellow  miner  striking  a  bowlder  with  a  hammer. 
There  was  no  negligence  on  the  part  of  the  mine  operator  and  the 
fellow  miner  in  striking  the  bowlder  was  engaged  in  the  ordinary 
duties  of  the  employment  as  was  the  miner  who  received  the  injury. 
Under  such  circmnstances  there  can  be  no  recovery,  it  being  caused 
by  the  act  of  a  fellow  servant. 

Miflenhelter  v.  Geronimo  Lead  A  Zinc  Go.  (MiflBouri  App.),  192  Southwestern,  147, 
p.  148. 

VICE   PRINCIPAL  AS   FELLOW  SERVANT. 

The  dual  capacity  doctrine  of  servant  and  vice  principal  may  be 
invoked  for  the  benefit  of  the  vice  principal  as  well  as  for  the  benefit 
of  a  fellow  servant.  A  vice  principal  or  foreman  may  have  general 
charge  and  control  of  miners  or  employees,  but  where  he  is  performing 
the  same  character  of  work  as  are  the  men  under  his  control,  and  is 
injured  by  the  n^ligence  of  another  employee,  the  employer  may  be 
liable,  if  under  the  circumstances  he  is  made  liable  for  the  negligence 
of  a  fellow  servant.  YThere  a  vice  principal  or  foreman  was  injured 
by  being  struck  in  the  eye  with  pieces  of  rock  or  dirt  caused  by  another 
employee  and  miner  striking  a  bowlder  with  his  hammer,  the  ques- 
tion of  the  negligence  of  the  miner  in  striking  the  bowlder  is  one  of 
fact  to  be  determined  by  the  jury. 

Miaenhelter  v.  Geronimo  Lead  A  Zinc  Go.  (Miasouri  App.),  192  Southwestern,  147, 
p.  149. 

METHODS  OF  OPEBATINa. 

OPEBATINQ  UNDSB  LEASE. 

A  coal-mining  company,  as  owner  with  the  right  to  operate  a  certain 
mine,  entered  into  a  contract  with  another  as  lessee  and  contractor, 
whereby  the  latter  was  to  mine  certain  coal  pursuant  to  an  existing 
agreement.  The  lessee  and  contractor  was  to  furnish  the  necessary 
equipment  and  material  for  the  operation  of  a  successful  mine  and 
to  pay  all  costs  and  charges  and  wages  in  whatsoever  nature  involved 
in  the  mining  operations,  and  to  turn  the  mine  back  to  the  lessor  in 
good  condition.  Under  such  a  lease  and  agreement  the  lessee  or 
contractor  occupies  the  position  of  an  independent  contractor 
respecting  the  operation  of  the  mine.  Under  such  circumstances 
a  person  in  the  employ  of  the  lessee  and  contractor  and  injured 
while  working  in  the  mine  can  not  hold  the  lessor  liable  for  the 
injuries  imder  the  workmen's  compensation  act  of  Kansas,  where 
there  is  nothing  to  show  that  the  work  in  which  the  plaintiff  was 
engaged  was  imder  the  direction,  execution,  or  control  of  the  lessor. 

Maus^elle  v.  Pace  A  Son  (KansBs),  161  Pftdfic,  907. 
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MININa   ON   UlSDB  OF  ANOTHER — LIABILITT. 

The  owner  of  certain  coal  lands  sued  the  owner  of  adjoining  lands 
operating  a  coal  mine  thereon  for  damages  for  taking  coal.  The 
plaintiff  charged  that  the  defendant  by  his  superintendents,  agents, 
miners,  and  employees  entered  upon  the  plaintiff's  land  adjoining 
and  mined  and  removed  therefrom  a  large  quantity  of  the  plaintiff's 
coal  and  converted  the  same  to  his  own  use.  The  evidence  showed 
that  the  defendant  leased  to  a  third  person  the  coal  underlying  his 
land,  adjoining  the  land  of  the  plaintiff;  that  in  mining  the  coal  the 
lessee  of  defendant  trespassed  upon  the  plaintiff's  property  and  mined 
and  removed  a  large  quantity  of  coal  belonging  to  the  plaintiff ;  that 
the  coal  so  mined  by  the  lessee  was  carried  to  the  surface  through  a 
coal  mine  belonging  to  the  defendant  and  delivered  at  the  mouth 
of  the  mine  to  the  defendant  in  his  own  cars;  that  the  defendant 
paid  the  royalty  on  the  coal  so  mined  by  the  lessee  on  the  plaintiff's 
property,  and  that  the  defendant  on  demand  for  compensation  for 
the  coal  taken  made  no  disclaimer  of  responsibility  and  accounta- 
bility, except  that  he  had  paid  the  royalty  on  the  coal.  The  evidence 
also  showed  that  during  the  period  covering  the  trespass  the  lessee 
was  superintendent  of  the  defendant's  mine.  Under  such  circum- 
stances and  evidence  the  trial  court  could  not  disregard  a  verdict 
for  the  plaintiff  and  render  judgment  for  the  defendant. 

Philson  r.  Wells  (Pennsylvania),  100  Atlantic,  463. 

DANOEBOUS   METHOD   OF  OPERATING   MACHINERY. 

An  oil  well  drilling  and  pumping  company  is  not  Uable  in  damages 
for  injuries  to  an  employee  who  adopted  unnecessarily  and  admit- 
tedly dangerous  methods  of  throwing  in  the  clutch  of  a  gas  engine 
which  was  used  in  running  the  pump  of  an  oil  well,  and  by  reason 
of  which  the  injuries  complained  of  were  received. 

Murphy  v.  Standard  Oil  Co.,  etc.,  140  Louisiana, ;  73  Southern,  678,  p.  679. 

REMOVAL  OF   SUPPORT. 

The  right  of  an  owner  of  the  surface  to  support,  whether  by  natural 
right  or  by  agreement,  imposes  an  absolute  obligation  upon  the  servient 
owner,  regardless  of  any  negligence  on  his  part  in  making  excavations 
or  improvements.  The  right  of  subjacent  support  is  a  right  of  prop- 
erty passing  with  the  soil,  as  otherwise  the  surface  can  not  be  enjoyed 
at  all. 

Audo  V.  Western  Coal  &  Mining  Co.  (Kansas),  162  Pacific,  344,  p.  346. 

PTTROHASE   OP    ENGINE — IMPLIED    WARRANTY   OF   FITNESS. 

A  coal-mine  operator  hauled  his  coal  cars  and  coal  by  horsepower 
from  his  mine  to  a  shipping  point,  a  distance  of  about  3,000  feet. 
He  proposed  changing  the  motive  power  to  steam  and  entered  into 

W523«--Bull.  16^—17- 
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negotiations  with  a  manufacturer  for  the  purchase  of  a  locomotive 
for  that  purpose.  The  manufacturer  visited  the  mine,  examined 
the  conditions,  character  of  the  track  and  the  distance,  and  offered 
for  a  stated  price  to  manufacture  a  locomotive  engine  suitable  in 
size  and  capacity  with  the  necessary  appUances  for  properly  and 
sufficiently  hauling  the  operator's  coal  and  coal  cars.  The  offer 
was  accepted,  and  the  manufacturer  constructed  and  delivered  a 
locomotive  engme.  The  engine  was  received  and  installed,  and  aft^r 
repeated  trials  was  found  to  be  unfitted  and  wholly  insufficient  to 
do  the  work  needed.  A  written  order  for  the  engine  was  made  and 
signed  by  the  mine  operator  that  contained  no  express  warranty 
that  the  engine  should  be  suitable  for  the  particular  purpose,  but  under 
the  circumstances  the  law  creates  an  implied  warranty  under  the 
rule  that  when  a  purchase  is  made  for  a  particular  purpose  that  is 
known  to  the  seller,  and  especially  where  a  manufacturer  is  informed 
as  to  the  use  which  the  buyer  expects  to  make  of  the  machine  or 
implement  and  the  work  which  he  expects  it  to  accomplish,  there 
arises  an  implied  warranty  of  fitness  of  the  article,  under  proper 
management,  to  perform  the  work  for  which  it  was  intended.  The 
manufacturer  knew  the  purpose  for  which  the  locomotive  was  being 
purchased  and  the  use  to  which  it  was  to  be  put,  and  had  examined 
the  premises  and  the  track  over  which  it  was  expected  to  run,  and 
having  manufactured  the  locomotive  with  this  knowledge  and  in 
the  absence  of  an  express  warranty,  an  occasion  for  the  application 
of  the  doctrine  of  implied  warranty  is  completely  furnished,  and  a 
warranty  is  imposed  by  law  to  the  effect  that  the  locomotive  manu- 
factured for  and  furnished  td  the  mine  operator  would,  with  proper 
management,  fill  the  purpose  for  which  it  was  bought ;  and  failing  to 
do  this,  the  mine  operator  was  not  liable  to  the  manufacturer  for  the 
price  of  the  locomotive. 

Glover  Machine  Works  v.  Ckx>ke-Jellico  Goal  Co.  (Kentucky),  191  Southwestern, 
516,  p.  518. 


MINING  LEASES. 

UBASBS  aBNBBALLY^-OONSTBtrCTIOir. 
LEASE  AS   AN   INCUMBRANCE. 

Under  the  statute  of  Colorado  (R.  S.  1908,  sec.  865)  prohibiting 
a  mining  corporation  from  encumbering  its  mining  property  without 
the  consent  of  a  majority  of  the  stockholders,  a  lease  is  an  encum- 
brance and  is  voidable  at  the  election  of  the  stockholders,  if  not 
approved  or  ratified  by  the  holders  of  a  majority  of  the  shares  of 
stock. 

Elder  v.  Western  Min.  Co.,  237  Fed..  %6,  p.  971. 

WANT  OF   VALIDATION   BY   STOCKHOLDERS — EFFECT   OF  LACHES. 

A  mining  corporation  by  its  directors  executed  a  lease  of  its  mining 
property  for  a  term  of  years  without  the  approval  of  a  majority  of 
the  stockholders  as  required  by  the  statute  of  Colorado.  The  lease 
was  extended  from  time  to  time  for  different  periods  without  the 
knowledge  of  the  stockholders.  The  last  agreement  for  an  extension 
was  made  three  years  and  more  before  the  extended  term  commenced. 
The  stockholders  did  not  learn  of  the  extension  until  three  years  or 
more  after  the  agreement  and  until  nearly  a  year  after  the  extended 
term  l)egan.  A  suit  was  commenced  by  the  stockholders  to  avoid 
the  lease  within  less  than  a  year  after  they  had  knowledge  of  the 
unwarranted  extension.  The  stockholders  had  the  right  to  rely 
upon  the  faithful  discharge  by  the  trustees  of  their  duties  upon  the 
legal  presumption  that  they  would  not  execute  a  lease,  or  an  extension 
of  a  lease  of  the  property,  until  approved  by  a  majority  vote  of  the 
shares  of  stock.  No  duty  rested  upon  the  stockholders  to  watch 
over  or  search  out  acts  of  their  trustees,  and  neither  trustees  nor  the 
lessee,  who  knew  that  the  lease  lacked  the  necessary  statutory 
approval  of  the  stockholders,  can  be  permitted  to  defeat  the  suit 
of  the  stockholders  to  avoid  the  lease  because  the  suit  was  not  brought 
sooner.  The  delay,  under  the  circumstances,  is  not  sufficient  laches, 
acquiescence,  or  ratification  on  the  part  of  the  stockholders  to  estop 
them  from  maintaining  a  suit  to  avoid  the  lease. 

Elder  «.  Weetem  Mining  Co.,  237  Fed.,  966,  p.  975. 
OONSTBUCnON — CONFLICT  BETWEEN  PRINTED  AND  WRITTEN  PARTS. 

An  oil  and  gas  lease  was  executed  on  a  printed  or  typewritten 
blank  and  words  and  parts  were  written  in  to  make  it  complete. 
In  certain  parts  of  the  lease  there  was  a  conflict  between  the  printed 
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words  of  the  blank  form  and  the  matter  written  in.  In  such  case 
where  there  is  reasonable  doubt  as  to  the  sense  and  meaning  of  the 
entire  lease,  the  words  in  writing  will  control  the  construction  of 
the  contract.  The  reason  for  this  is  that  the  written  words  are  the 
immediate  language  and  terms  selected  by  the  parties  themselves, 
while  the  printed  form  was  intended  for  general  use  without  reference 
to  particular  objects. 

Producers  Oil  Go.  v.  Snyder  (Texas  Civil  App.),  190  Southwestern,  514,  p.  515. 

BOTALTIES  FBOM  OPEN  MINES. 

Under  a  will  providing  for  the  operation  of  mines  and  for  the 
exploration  of  other  mineral  lands  and  directing  the  method  of  the 
payment  of  royalties,  no  distinction  can  be  made  between  open  and 
unopened  mines  so  far  as  concerns  the  royalties  to  be  received  xmder 
the  terms  of  the  will.  The  testator's  purpose  was  to  have  all  the 
leased  mines  opened  and  worked  and  leases  were  made  by  the  testator 
under  which  groimd  rent  was  to  be  paid  whether  ore  was  mined  or 
not,  but  if  ore  was  mined,  then  the  payment  was  to  be  in  royalties,  and 
the  payment  of  royalties  during  any  year  was  to  discharge  the  ground 
rent  provided  for  pro  tanto  for  any  such  year. 

Pettit's  Estate,  In  re  (Minn.),  161  Northwestern,  158,  p.  162. 

IMPLIED   OBLIGATION   TO  DEVELOP. 

Under  the  laws  of  Kentucky  no  one  wiU  be  permitted  to  acquire 
and  hold  leases  without  development  where  the  payment  of  a  royalty 
upon  the  ore  produced  is  provided  for  in  the  terms  of  the  lease. 

United  Mining  Co.  v.  Morton  (Kentucky),  192  Southwestern,  79,  p.  S4. 

CERTAINTY   AS   TO   TIME. 

A  city  by  a  lease  with  a  landowner  acquired  the  natural  gas  rights 
to  a  tract  of  land  and  agreed  to  pay  therefor  an  annual  rent  of  $200. 
The  lease  provided  that  it  should  remain  in  force  for  the  same  length 
of  time  as  another  lease  covering  gas  rights  to  an  adjoining  tract 
upon  which  the  city  was  then  operating  natural  gas  weUs.  This 
reference  to  another  lease  sufl&ciently  fixed  the  duration  of  the  lease 
in  controversy  and  it  is  not  subject  to  the  objection  that  it  is  indefinite 
and  uncertain  and  therefore  void. 

Butler  V.  City  of  lola  (Kansas),  163  Pacific,  652. 

OBAL   SURRENDER. 

The  owner  of  a  mining  lease  can  not  assign  his  rights  to  a  stranger 
except  by  a  writing,  but  a  lessee  in  a  mining  lease  may  orally  surrender 
the  lease  to  the  lessor. 

United  Mining  Co.  v,  Morton  (Kentucky),  192  Southwestern,  79,  p.  84. 


MIKING  LEASES.  63 

KACHINEBT — ^REMOVAL* 

Under  a  lease  of  mining  property  the  parties  may  by  their  contract 
stipulate  what  machinery  and  iSxtnres  may  be  removed  and  when 
they  have  done  so  such  stipulations  are  controlling.  Mining  ma- 
chinery, apparatus  and  appurtenances  placed  upon  mining  property 
by  a  lessee  are  not  regarded  as  fixtures  that  pass  with  the  soil  and 
leased  appurtenances,  but  are  regarded  as  the  personal  property  of 
the  lessee  that  may  be  removed  by  him  in  the  absence  of  an  express 
stipulation  in  the  lease  to  the  contrary. 

SluJeen  v.  Central  Coal  &  Coke  Co.  (Arkansas),  192  Southwestern,  225,  p.  227. 

FIXTUBES — BIQHT  TO  REMOVE   TIPPLE. 

A  mining  lease  provided  that  at  its  expiration  the  lessee  could 
remove  aU  machinery,  pit  cars,  mine  rails,  and  pipe  that  had  been 
placed  on  the  mining  premises,  if  the  lessee  had  performed  the  terms 
and  covenants  of  the  lease,  but  all  other  property  on  the  leased 
premises  at  the  expiration  of  the  lease  shall  belong  to  and  revert  to  the 
lessor.  On  the  expiration  of  the  lease,  the  lessee  removed  the  mining 
machinery  and  also  the  tipple  erected  by  him  on  the  leased  premises. 
In  an  action  by  the  lessor  to  recover  possession  of  the  tipple,  it  was 
proper  for  the  court  to  submit  to  the  jury  the  question  whether  the 
tipple  was  a  part  of  the  mining  equipment  and  removable  as  such 
under  the  lease. 

Shaleen  v.  Central  Coal  &  Coke  Co.  (Arkansas),  192  Southwestern,  225,  p.  227. 

BIGHT  TO  REMOVE  HACHINEBT  AND  FIXTUBES. 

Where  a  mining  lease  gave  the  lessee  the  right  at  its  expiration  to 
remove  from  the  leased  premises  all  machinery,  pit  cars,  mine  rails, 
etc.,  the  right  to  remove  the  machinery  stipulated  does  not  expire  at 
the  instant  of  the  expiration  of  the  lease,  but  the  lessee  where  actively 
engaged  in  removing  the  machinery  has  a  reasonable  time  to  continue 
the  removal  after  the  lease  actually  expired. 

Shaleen  v.  Central  Coal  &  Coke  Co.  (Arkansas),  192  Southwestern,  225,  p.  227. 

OIL  AND  0A8  LEASB8. 

CONSTBUCTION — SEPARATE   LEASES. 

An  oil  and  gas  lease  embraced  19  quarter  sections  of  land  and 
provided  that  the  drilling  of  a  well  or  wells  should  stop  rent  only  upon 
the  quarter  section  or  sections  upon  which  such  well  or  wells  are 
located.  According  to  the  terms  of  the  lease,  it  must  be  construed 
as  a  separate  lease  of  each  quarter  section,  requiring  the  sinking  of  a 
well  on  each  quarter  section  in  order  to  avoid  forfeiture. 

FroduceiB  Oil  Co.  v.  Snyder  (Texas  Civil  App.),  190  Southwestern,  514  p.  616. 
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CX>NSTBncnON — BOTALTIES. 

A  gas  lease  provided  a  graduated  scale  of  royalties  based  on  a 

minute^s  pressure  and  the  scale  contained  a  mininnim  pressure  but 

was  silent  as  to  the  use  of  gas  or  payment  therefor  while  the  pressure 

was  below  the  minimum      The  lease  did  not  limit  the  right  of  the 

lessee  to  take  gas  only  so  long  as  the  pressure  should  exceed  the 

minimum  of  15  pounds;  but  there  is  no  provision  for  the  payment 

of  royalty  when  the  pressure  falls  below  the  minimum.    Under  the 

lease  and  the  standard  for  the  pajonent  of  royalties,  the  lessor  is  not 

entitled  to  royalties  for  gas  produced  below  the  minimum  pressure, 

though  it  was  used  or  marketed  by  the  lessee. 

Addennan  v.  Manu^turen  Light  &  Heat  Go.  (Pennsylvania),  100  Atlantic,  444, 
p.  446. 

An  oil  and  gas  lease  bound  the  lessee  to  deliver  to  the  credit  of  the 
lessor  in  a  pipe  line  one-eighth  of  the  oil  produced  when  the  average 
daily  production  of  the  wells  did  not  exceed  10  barrels;  one-«ixth 
when  the  production  exceeded  10  barrels,  but  did  not  exceed  40  bar- 
rels, and  one-fourth  when  the  production  exceeded  40  barrels.  There 
is  no  evidence  of  mutual  mistake  in  the  execution  of  the  lease  in  not 
basing  the  royalties  upon  the  average  daily  production  of  a  single 
well  as  a  unit,  such  as  will  justify  a  court  of  equity  in  reforming  the 
instrument. 

Siluran  Oil  Co.  v.  Neal  (lUinoifl),  115  Northeastern,  114,  p.  115. 

CONSTBUCTION — OBLIGATION. 

A  mining  lease  executed  by  several  lessors  or  grantors  by  which 
they  disposed  of  the  mineral  rights  on  their  several  tracts  of  land 
for  a  gross  sum  without  stating  the  amount  paid  to  each  grantor  or 
designating  the  area  of  land  belonging  to  each,  creates  a  general 
obligation  on  the  part  of  such  lessors,  because  it  is  important  to 
aflSnn  that  the  lessee  would  have  paid  a  proportionate  consideration 
for  the  lease  of  the  mineral  rights  on  only  a  portion  of  the  land.  A 
stipulation  in  such  a  lease  to  the  effect  that  operations  for  the  drilling 
of  a  well  for  oil  or  gas  shall  be  commenced  by  the  lessee  within  one 
year  can  not  be  construed  to  mean  that  the  operations  for  the  drilling 
of  a  well  shall  be  commenced  on  each  separate  tract  of  land  belonging 
to  the  different  lessors. 

Nabore  v.  Producere  Oil  Co.,  140  Louisiana, ;  74  Southern,  527,  p.  532. 

CONSTRUCTION — OBLIGATION   TO  DRILL. 

In  a  lease  of  land  for  the  production  of  oil  and  gas  in  which  the 
lessee  expressly  obUgated  himself  to  begin  the  drilUng  of  a  well  within 
one  year  or  forfeit  the  lease,  there  is  no  impUed  obUgation  on  his  part 
to  dnU  as  many  wells  as  may  be  reasonably  necessary  to  secure  the 
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oil  or  gas  for  the  common  advantage  of  the  lessor  and  lessee  within 
the  year,  where  oil  or  gas  has  not  been  found  in  paying  quantities. 
NaboFB  V,  Producen  Oil  Co.,  140  Louisiana ,  74  Southern,  527,  p.  532. 

CONSTEUCTION   OF   LEASE — INTEREST  OP  LESSEE. 

An  ordinary  oil  and  gas  lease  giving  a  lessee  the  right  to  enter  upon 
lands  and  drill  for  oil  and  gas  and  other  minerals,  does  not  vest  in 
the  lessee  the  title  to  the  oil  and  gas  in  the  land  and  is  not  a  grant  of 
any  estate  therein,  but  is  only  a  grant  of  the  right  to  prospect  for  oil, 
and  gas,  and  no  title  vests  imtil  these  minerals  are  reduced  to  posses- 
sion by  extracting  them  from  the  earth. 

Eelley  v.  Hams  (Oklahoma),  162  Pacific,  218,  p.  220. 

PRACTICAL   CONSTRUCTION. 

Where  the  construction  of  an  oil  and  gas  lease  or  other  contract 
is  in  doubt  the  acts  of  the  parties  thereunder  may  frequently  be 
resorted  to  for  the  purpose  of  ascertaining  how  they  construed  the 
instrument.  Under  this  rule  the  court  will  adopt  the  construction 
placed  upon  an  oil  and  gas  lease  by  the  lessee  and  that  he  abandoned 
the  same  when  he  was  no  longer  entitled  to  drill  upon  the  premises 
by  virtue  of  the  lease. 

Eelley  v.  Harris  (Oklahoma),  162  Pacific,  218,  p.  221. 

LEASE   CONSTRUED   AGAINST  LESSEE. 

Where  the  language  of  an  oil  and  gas  lease  was  as  much  that  of 
the  lessee  as  that  of  the  lessor  the  lease  will  be  construed  most  strongly 
against  the  lessee  in  order  to  provoke  development  and  prevent  delay 
and  unproductiveness  looking  to  all  parts  of  the  instrument  in  the 
light  of  the  facts  in  connection  with  the  operation. 

Paraflln  Oil  Co.  r.  Cmce  (Oklahoma),  162  Pacific,  716,  p.  718. 

NATURE   OF  LEASE — INTEREST   OP  LESSEE, 

A  lease  of  land  for  oil  and  gas  obligated  the  lessee  to  pay  a  stipu- 
lated royalty  for  all  the  oil  or  gas  that  might  be  produced,  and  pro- 
vided that  under  penalty  of  forfeiture  the  lessee  should  commence 
the  drilling  of  one  well  within  one  year  of  the  execution  of  the  lease 
or  pay  a  stipulated  consideration  each  year  for  an  extension  of  the 
time  not  exceeding  a  period  of  three  years  in  all,  and  provided  also 
that  if  the  lessee  discovered  oil  and  gas  within  the  time  limit  or  within 
the  extension  of  the  time  limit  as  provided  the  lease  shall  remain  in 
full  force  and  effect  for  20  years  from  the  discovery  of  oil  or  gas  and 
as  much  longer  as  minerals  are  produced  in  paying  quantities.  The 
lessee  in  addition  to  the  stipulations  in  the  lease  paid  an  adequate 
cash  consideration.  Such  a  lease  is  a  conveyance  of  a  real  right  and 
can  not  be  construed  as  a  sale  of  a  mere  hope  of  producing  oil  or  gas 
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within  one  year  of  its  execution;  and  where  the  lessee  complied  with 
his  obligation  by  commencing  the  drilling  of  a  well  within  the  year 
from  the  execution  of  the  lease  and  continued  to  prosecute  the  work 
with  due  diligence  the  lessor  is  not  entitled  to  a  cancellation  of  the 
lease  at  the  expiration  of  the  year  on  the  ground  that  he  fully  dis- 
charged his  obligation  by  permitting  the  lessee  to  attempt  to  realize 
his  hope  within  the  year. 
Nabora  v.  Producers  Oil  Co.,  140  Louisiana, ;  74  Southern^  527,  p.  534. 

INTERESTS  AND   BIGHTS  OF  LESSEE. 

In  the  absence  of  a  specific  covenant  in  an  oil  and  gas  lease  making 
the  lessee  liable  for  damages  to  growing  crops  and  their  surface  rights 
the  lessee  is  not  Uable  for  such  damages  as  are  necessarily  incident 
to  the  operations  authorized  by  the  lease.  Such  a  lease  carries  within 
its  implications,  if  not  within  its  expression,  such  rights  to  the 
surface  as  may  be  necessarily  incident  to  the  performance  of  the 
objects  of  the  contract,  yet  these  implications  go  no  further  and  the 
lessee  must  protect  the  surface  of  the  ground  in  so  far  as  such  incident 
necessity  does  not  exist  and  is  Uable  to  the  lessor  for  any  damages  to 
the  surface  resulting  from  acts  not  within  the  implications  of  the 
lease. 

Pulaski  Oil  Go.  v,  Conner  (Oklahoma),  162  Pacific,  464,  p.  466. 

PRIORriY  OF  LEASES — NOTICE   OF   PBIOB  LEASE. 

The  question  as  to  whether  or  not  an  original  oil  and  gas  lease  was 
not  properly  acknowledged  and  was  not  entitled  to  record,  and  was 
not,  therefore,  when  recorded,  constructive  notice,  is  immaterial  in 
a  controversy  between  the  original  lessee  and  junior  lessees  where 
it  is  shown  that  the  junior  lessees  had  actual  knowledge  of  the  original 
lease  and  that  such  original  lessee  had  paid  the  rentals  as  provided 
in  his  lease,  and  where  the  second  lessee  orally  agreed  to  protect  the 
lessors  against  any  litigation  or  damages  by  reason  of  the  original 
lease. 

Mexico-Wyoming  Petroleum  Co.  v,  Valentine,  237  Fed.,  539,  p.  545. 

PEIOBmr  OF  LEASE — ^NOTICE — ^PBOOF  OF  DEVELOPMENT. 

In  an  action  by  the  holder  of  an  oil  and  gas  lease  to  enjoin  operations 
by  a  subsequent  lessee  of  the  same  property  proof  on  the  part  of  such 
junior  lessee  to  the  effect  that  by  their  labors  they  had  increased  the 
value  of  the  property  from  $40  an  acre  to  about  $5,000  an  acre  is 
improper  and  inadmissible  where  it  appears  that  such  subsequent 
lessees  took  their  lease  and  performed  the  labor  with  full  notice  and 
knowledge  of  the  first  lease,  and  that  two  wells,  of  the  wells  claimed 
to  enhance  the  value  of  the  property,  were  drilled  after  the  com- 
mencement of  the  suit  by  the  holder  of  the  first  lease. 

Mexico-Wyoming  Petroleum  Co.  v.  Valentine,  237  Fed.,  539,  p.  542. 
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FAILUIUB  TO  DEVELOP. 

A  delay  in  the  deyelopment  of  an  oil  and  gas  lease  for  a  period  of 
16  months  on  the  part  of  a  first  lessee  is  far  within  the  statute  of 
limitations  in  an  action  at  law,  and  the  burden  of  showing  that  the 
enforcement  of  a  prior  lease  as  against  subsequent  lessees  with  notice 
would  be  inequitable  is  upon  such  subsequent  lessees.  Mere  lapse 
of  time  does  not  ordinarily  constitute  laches,  but  the  situation  of  the 
parties  must  have  so  changed  as  to  render  the  enforcement  of  the 
first  lease  inequitable  as  against  the  subsequent  lessees. 

Mexlco-WyomiDg  Petroleum  Co.  v.  Valentine,  237  Fed.,  539,  p.  543. 

IMPLIED  OBLIGATION  TO   DEVELOP. 

There  is  an  impUed  condition  in  every  lease  of  land  for  the  pro- 
duction of  oil  that  when  the  existence  of  oil  in  paying  quantities  is 
made  apparent  the  lessee  shall  put  down  as  many  wells  as  may  be 
reasonably  necessary  to  secure  the  oil  for  the  common  advantage  of 
both  lessor  and  lessee,  but  this  doctrine  has  no  application  to  a  lease 
where  there  has  been  no  discovery  of  oil  or  gas  within  the  delay 
period. 

Naboxs  V.  PJroduceiB  Oil  Co.,  140  Louisiana, ;  74  Southern,  527,  p.  533. 

DILIGENCE   IN   OPERATIONS — ^DETERMINATION. 

Where  the  object  of  the  operations  contemplated  by  an  oil  and  gas 
lease  is  to  obtain  a  benefit  or  profit  for  both  lessor  and  lessee  neither 
is,  in  the  absence  of  a  stipulation  to  that  effect,  the  arbiter  of  the 
extent  to  which  or  the  diligence  with  which  the  operations  shall 
proceedi  but  both  are  boimd  by  the  standard  of  what  under  the 
circumstances  would  be  reasonably  expected  of  operators  of  ordinary 
prudence,  having  regard  to  the  interest  of  both. 

Paraffin  OH  Co.  v.  Cruce  (Oklahoma),  162  Pacific,  716,  p.  721. 

POWER  OF  LESSEE   TO  TERMINATE. 

A  lessee  in  an  oil  and  gas  lease  can  not  set  up  his  own  default  in 
order  to  terminate  the  lease  or  escape  liability  imder  its  provisions. 
If  he  fails  to  perform  the  covenants  of  the  lease  it  is  with  the  lessor 
to  declare  a  forfeiture.  Where  such  a  lease  provides  that  if  the 
premises  should  not  be  operated  the  lease  should  be  void  the  word 
*'void"  means  *' voidable"  at  the  election  of  the  lessor  and  he  must 
do  some  act  evincing  an  intention  to  avoid  the  lease  before  it  can  be 
considered  void  or  terminated.  Such  provisions  are  for  the  benefit 
of  the  lessor  and  he  has  an  option  to  discontinue  the  lease  on  default 
of  the  lessee  or  affirm  the  continuance  of  the  contract.  If  such  a 
lease  provides  that  the  lessee's  failure  to  complete  a  well  within  a 
stated  period  or  any  default  thereof  to  pay  a  certain  yearly  rental 
should  render  the  lease  null  and  void  and  all  rights  and  claims  should 


68  DECISIONS  ON*  MINES  AND  MINING. 

therefrom  cease,  still  the  lessee  by  his  own  default  can  not  reUeve 

himself  from  the  liability  already  incurred. 

Lavery  v.  Mid-Continent  Oil  &  Development  Co.  (Oklahoma),  162  Pacific,  737, 
p.  739. 

POWER  OP  LESSEE   TO   CANCEL — ^LIABILITT. 

A  landowner  leased  to  a  city  the  gas  rights  to  a  tract  of  land  at  an 
annual  rental  of  $200.  The  lease  provided  that  it  should  remain  in 
force  for  the  same  length  of  time  as  another  lease  held  by  the  city 
giving  it  gas  rights  to  an  adjoining  tract  of  land  and  upon  which  the 
city  was  then  operating  gas  wells.  After  paying  the  annual  rental 
for  seven  years,  and  while  still  operating  gas  wells  on  the  adjoining 
lands  imder  the  lease  referred  to,  the  city  has  no  power  to  cancel  the 
lease  in  question  by  executing  and  recording  a  release  thereof  and 
refusing  to  make  further  payments  of  rental  on  the  ground  that  the 
gas  rights  obtained  by  the  lease  are  of  no  value.  The  city  by  the 
lease  in  question  obtained  more  than  a  mere  license  to  explore  for 
oil  and  gas  and  to  pay  upon  certain  contingencies  a  royalty,  but  by 
the  lease  in  question  the  city  obtained  the  gas  rights  of  a  tract  of 
land  and  agreed  to  pay  an  annual  rental  therefor  so  long  as  the  lease 
remained  in  force.  The  inducement  for  obtaining  the  lease  in  ques- 
tion was  to  protect  the  rights  of  the  city  under  the  lease  on  the 
adjoining  land  is  apparent  from  the  fact  that  the  city  sunk  no  wells 
on  the  land  covered  by  the  lease. 

Butier  V.  City  of  lola  (Kansas),  163  Pacific,  652,  p.  653. 

AGREEMENT  TO   ASSIGN   LEASE — CANCELLATION. 

Two  persons  held  separate  interests  in  leases  for  different  tracts  of 
oil  lands.  One  lessee  agreed  to  assign  to  the  other  an  undivided 
one-half  interest  in  leases  held  by  him  and  the  other  agreed  to  assign 
his  interest  in  leases  held  by  him.  The  latter  agreed  also  that  any 
profits  or  benefits  that  he  might  derive  from  a  contract  between 
himself  and  a  certain  oil  company  should  be  equally  divided  between 
the  two  persons.  It  was  also  agreed  that  the  latter  should  pay  to 
the  former  a  salary  of  $250  per  month  from  the  date  of  the  contract 
and  that  the  first  named  person  should  operate  all  of  the  property 
under  the  supervision  of  the  second.  It  was  agreed  that  the  second 
party  might  cancel  the  contract  at  any  time.  In  an  action  by  the 
second  party  to  compel  the  first  party  to  the  agreement  to  execute 
the  conveyance  of  the  leases  as  contemplated  in  the  agreement,  parol 
evidence  is  inadmissible  to  show  that  a  subsequent  written  agreement 
entered  into  between  the  parties  was  intended  to  cancel  the  former, 
where  the  subsequent  written  agreement  itself  presented  conclusive 
evidence  that  it  was  not  intended  as  a  complete  extinguishment  of 
the  former  agreement. 

Piper  V.  Kellennaa  (California),  162  Pacific,  423,  p.  425. 


MIKIKG  LEA8E&.  69 

FOBFEITX7BE — ^FAILURE  TO  DEVELOP. 

An  oil  and  gas  lease  provided  that  it  should  remain  in  force  for  the 
term  of  one  year  from  its  date  and  as  long  thereafter  as  oil  or  gas  is 
produced  from  the  premises  by  the  lessee;  and  providing  that  '*if 
said  territory  proves  to  be  productive,  then  the  party  of  the  second 
part  to  complete  this  contract  shall  drill  as  many  as  eight  weUs  on 
said  premises  and  said  wells  shall  be  drilled  with  due  diligence  and 
dispatch  having  in  view  the  interest  of  both  parties  hereto,  and  so  to 
produce  all  the  oil  or  gas  that  may  be  reasonably  produced  from 
said  premises."  The  lessee  proceeded  immediately  and  within  30 
days  drilled  a  productive  well  upon  the  leased  premises.  It  then 
became  his  duty  to  proceed  immediately  to  drill  the  eight  weUs  as 
contemplated  by  the  lease.  The  word  '4f "  as  used  in  the  quoted 
clause  means  '*when"  and  the  word  ''then"  used  in  the  quoted 
clause,  is  an  adverb  of  time  and  means  ''at  the  time,"  that  is,  at  the 
time  the  territory  proved  productive  by  the  drilling  of  the  test  well 
it  was  then  the  duty  of  the  lessee  to  drill  as  many  as  eight  wells  upon 
the  leased  premises  and  within  a  year  from  the  date  of  the  lease  as  a 
condition  precedent  to  the  extension  of  the  lease  beyond  the  term  of 
one  year.  Whether  such  weUs  were  by  the  lessee  drilled  with  due 
diligence  and  dispatch,  having  in  view  the  interest  of  both  parties  to 
the  lease  and  so  as  to  produce  all  the  oil  and  gas  that  may  be  reason- 
ably produced  from  the  premises  as  required  by  the  lease,  is  a  ques- 
tion of  fact  to  be  determined  in  connection  with  all  the  circumstances 
attending  the  operations.  The  fact  that  a  test  well  was  profitable 
and  that  there  was  at  its  completion  a  profitable  market  make  the 
failure  of  the  lessee  to  drill  as  many  as  eight  wells  with  due  diligence 
Bofficient  ground  for  the  forfeiture  of  the  lease  on  the  part  of  the 
lessor. 

FtanflSn  Oil  Co.  v,  Cruce  (Oklahoma),  162  Pacific,  716,  p.  717. 

Layery  v,  MidOontindnt  Oil  and  Development  Co.  (Oklalioma),  162  Pacific,  737. 

FAILURE  TO  DEVELOP — BIGHT  TO  CANCELLATION. 

When  the  lessee  of  land  for  the  production  of  oil  or  gas  has  paid  an 
adequate  cash  consideration  and  has  compiled  with  the  only  obliga- 
tion expressly  required  of  him  during  the  first  year  after  the  execu- 
tion of  the  lease,  by  the  drilling  of  the  one  test  well  required  and  has 
not  found  oil  or  gas  in  paying  quantities,  the  lessor  can  not  compel  a 
cancellation  of  the  lease  on  the  ground  that  the  lessee  failed  to 
perform  an  implied  obligation  to  drill  more  than  one  well  for  the  com- 
mon advantage  of  the  lessor  and  lessee. 

Nabon  v.  ProducezB  CHI  Ck>.,  140  Louisiana ;  74  Southern,  527,  p.  533. 
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FOBFBITX7BE — FAILUSE  TO   BXBOXJTS  RELEASE. 

In  an  action  by  a  landowner  against  a  lessee  who  had  forfeited  his 
lease  for  damages  on  the  ground'  of  his  failure  and  refusal  to  execute 
a  release  and  remove  the  cloud  from  the  title,  the  landowner  as  com- 
plainant must  prove  that  he  had  a  vaUd  contract  with  a  prospective 
purchaser  or  lessee  enforceable  according  to  its  terms,  had  the 
release  by  the  defendant  been  executed,  or  that  such  prospective 
purchaser  would  have  completed  his  contract  of  purchase  or  lease 
regardless  of  its  enforceability,  had  such  release  been  executed. 

Rogers  v.  Milliken  Oil  Ck).  (Oklahma),  161  Pacific,  799,  p.  800. 

OPTION   TO  FORFEIT. 

By  the  terms  of  an  oil  and  gas  lease  the  lessee,  an  oil  company,  for 
a  valuable  consideration  specifically  undertook  to  commence  and 
with  diligence  drill  a  well  on  the  premises  into  a  designated  sand. 
The  lease  contained  a  clause  providing  that  a  failure  to  commence 
and  complete  said  well  should  work  a  forfeiture  and  render  the  lease 
null  and  void.  This  forfeiture  provision  was  for  the  benefit  of  the 
owner  of  the  leasehold  interest  and  gave  him  the  option  to  declare  a 
forfeiture  upon  the  failure  of  the  oil  company  to  discharge  its  obliga- 
tion to  drill.  The  oil  company  could  not  by  virtue  of  the  forfeiture 
clause  and  without  the  consent  of  the  owner  terminate  the  contract 
by  its  own  default  and  thereby  escape  Uability  for  resultant  damages. 

lAvery  v.  Mid-Continent  Oil  &  Development  Co.  (Oklahoma).  162  Pacific,  737,  p. 
739. 

CONSTRUCTION — OPERATION   AI^D   DEVELOPMENT. 

Leases  executed  for  the  purpose  of  exploring  and  operating  for  oil 
and  gas  frequently  contain  provisions  designated  to  compel  the 
prompt  commencement  of  operations  and  the  diUgent  prosecution  of 
the  development  of  the  land.  In  the  construction  of  such  leases  the 
courts  endeavor  to  discover  and  enforce  the  intention  of  the  parties 
as  gathered  from  the  language  used  in  the  instrument  as  a  whole. 
When  the  terms  of  such  a  lease  will  permit,  it  will  be  so  construed  as 
to  promote  development  and  prevent  delay  and  unproductiveness. 

ParaflSn  Oil  Co.  v.  Crace  (Oklahoma),  162  Pacific,  716,  p.  718. 

ABANDONMENT — REMOVAL  OF  MACHINERY. 

The  lessee  under  an  oil  lease  who  drills  a  well  which  proves  unprofit- 
able, may  abandon  the  lease  and  land  and  may  within  a  reasonable 
time  exercise  the  right  conferred  by  the  lease  to  remove  the  machinery, 
fixtures,  and  improvements  made  upon  the  land  and  may  remove 
pipe  placed  in  the  ground  by  him  in  his  mining  operations.  Eight 
months  from  such  abandonment  is  a  reasonable  time  within  which  to 
remove  the  machinery  and  fixtures  and  pipe. 

Standard  Oil  Co.  of  Louisiana  v.  Barlow,  141  Louisiana ;  74  Southern,  627. 
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ACTION  FOB  ROYALTIES. 

In  an  action  by  a  lessor  against  the  lessee  of  an  oil  and  gas  lease  for 
royalties  it  is  not  improper  for  the  court  to  instruct  the  jury  as  to 
the  amount  the  lessor  clahns  as  due  and  owing  for  gas  furnished  and 
marketed  by  the  defendant  under  the  terms  of  the  agreement  sued 
upon,  as  such  an  instruction  is  not  a  statement  of  any  fact  but  is  only 
a  statement  of  the  plaintiff's  claim. 
Ltturel  Oil  <fc  GflB  Co.  V.  Anthony  (Oklahoma),  162  Pacific,  20S,  p.  204. 

TEST — METHOD  OF  MEASURING   OA8. 

An  oil  and  gas  lease  provided  that  the  lessee  should  pay  to  the 
lessor  for  any  wells  producing  gas  in  sufficient  quantities  to  justify 
the  lessee  in  marketing  the  same  in  its  pipe  line,  a  semiannual  sum 
to  be  ascertained  by  gaging  the  wells  in  the  c&sing  in  which  they 
were  completed  every  six  months,  and  if  a  well  should  show  for  the 
first  minute  a  pressure  of  200  poimds  or  more  the  rental  should  be  $250 
for  the  next  six  months;  if  the  wells  should  show  a  pressure  from  150 
to  200  poimds,  the  rental  to  be  $200,  and  on  down  according  to  a 
graduated  scale  to  a  minimum  pressure  of  15  to  25  pounds  and  a 
rental  of  $25.  The  lease  did  not  determine  when  or  designate  the 
pipe  or  casing  in  which  the  weU  should  be  completed  and  according 
to  the  evidence  the  words  used  have  no  defined  trade  meaning. 
Under  the  peculiar  wording  and  the  operation  of  the  lease,  the  ques- 
tion as  to  whether  a  well  was  completed  in  a  3-inch  casing  or  in  a 
6{*inch  casing  is  one  of  fact  to  be  determined  by  the  jury. 

Addennan  v.  Manufacturen  Light  &  Heat  Ck>.  (PennBylvania),  100  Atlantic,  444, 
p.445« 
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TAXATION. 
CONSTRUCTION  AND  APPLICATION  OF  STATUTE, 

The  Legislature  of  Nevada  in  1905  (Statutes  1905,  p.  81),  passed  an 
act  authorizing  assessors  to  assess  patented  mines.  The  statute 
points  for  its  authority  directly  and  specifically  to  the  constitutional 
amendment  adopted  at  the  general  election  in  November,  1902,  and 
takes  its  constitutional  authority  and  its  operative  vitality  directly 
from  the  constitutional  amendment  that  provides  for  the  assessment 
of  patented  mines  at  a  flat  valuation  of  $10  per  acre. 

Wren  V.  Dickflon  (Nevada),  161  Pacific,  722,  p.  725. 

CONSTITUTIONAL  PROVISIONS — SELF-EXECUTINO. 

The  constitution  of  Nevada  was  amended  at  the  general  election  in 
November,  1902.  The  amendment  provided  that  patented  mining 
claims  should  be  assessed  at  a  valuation  of  $10  per  acre.  The  legis- 
lature of  1905  (Statutes  1905,  p.  81)  passed  an  act,  piu^uant  to  the 
mandate  of  the  amendment  authorizing  assessors  to  assess  patented 
mines  at  a  flat  valuation  of  $10  per  acre.  The  constitution  was  again 
amended  at  the  general  election  in  1906,  by  which  it  was  provided 
that  the  proceeds  alone  of  unpatented  mining  claims  should  be 
assessed  and  taxed,  and  when  patented  each  patented  mine  should 
be  assessed  at  not  less  than  $500,  except  when  $100  in  labor  has  been 
actually  performed  on  such  patented  mine  during  the  year  in  addi- 
tion to  the  tax  upon  the  net  proceeds.  This  provision  of  the  amend- 
ment of  1906  is  self -executing  and  in  effect  nullified  the  amendment 
of  1902  as  to  the  assessment  of  patented  mines  at  a  flat  valuation  and 
rendered  nugatory  and  of  no  effect  the  statute  of  1905,  authorizing 
the  assessment  of  patented  mining  claims  at  a  flat  valuation  of  $10 
per  acre.  After  the  adoption  of  the  amendment  of  1906  an  assessment 
of  a  patented  mining  claim  could  not  be  made  under  the  act  of  1905 
that  was  based  on  the  amendment  of  1902,  and  any  attempted  assess- 
ment under  the  act  of  1905  made  subsequent  in  time  to  the  adoption 
of  the  amendment  of  1906  was  invaUd. 

Wren  v,  Dickflon  (Nevada),  161  Pacific,  722,  p.  725. 
TAXATION  WHERE  ANNUAL  ASSESSMENT  LABOR  HAS  BEEN  PERFORMED. 

The  amendment  of  the  constitution  of  Nevada  at  the  general 

election  of  1906  (Revised  Laws,  sec.  352)  provided  that  each  patented 

mine  shall  be  assessed  at  not  less  than  $500,  except  when.  $100  in 

labor  has  been  actually  performed.    A  mine  or  mining  claim  upon 
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which  $100  worth  or  more  of  labor  has  been  expended  during  any  one 
year  and  prior  to  the  time  of  assessment  is  exempt  from  taxation 
except  on  the  proceeds  thereof. 

Wren  v.  Dickson  (Nevada),  161  Pacific,  722,  p.  725. 

METHODS   OF  ASSESSMENT. 

The  constitutional  amendment  of  1906  (Nevada  Revised  Laws, 
sec.  352)  contains  two  distinct  negatives  as  to  the  assessment  of 
mining  claims:  (1)  A  patented  mine  can  not  bo  assessed  at  less  than 
$500,  if  $100  worth  of  work  has  not  been  performed;  (2)  A  patented 
mine  on  which  $100  worth  of  labor  has  been  performed  can  not  be  as- 
sessed at  either  more  or  less  than  $500,  but  is  exempt  from  taxation 
except  on  the  proceeds  thereof.  Where  the  annual  labor  has  been  per- 
formed assessment  for  any  sum  is  prohibited.  Where  the  annual 
labor  has  not  been  performed,  the  assessment  for  a  sum  less  than  $500 
is  prohibited.  These  prohibitory  provisions  of  the  constitutional 
amendment  are  self-executing. 

Wren  V.  Dickson  (Nevada),  161  Pacific,  722,  p.  728. 

TAX   ON   OIL  PRODUCTION — FEDERAL  AGENCY. 

The  statute  of  Oklahoma  (Session  Laws  1916,  p.  102)  imposes  a 
tax  equal  to  3  per  cent  of  the  gross  value  of  the  production  of 
petroleum  or  other  crude  or  mineral  oil  and  natural  gas  less  the 
royalty  interest.  It  also  provides  that  the  payment  of  such  tax  shall 
be  in  full  and  in  heu  of  all  taxes  by  the  State,  county,  city,  township, 
or  other  municipahties  upon  any  property  rights  attached  to  or 
inherent  in  the  right  to  such  minerak,  upon  leases  for  the  mining  for 
petroleum  or  other  crude  oil  or  other  mineral  oil,  or  for  natural  gas, 
upon  the  mining  rights  and  privileges  belonging  to  or  appertaining  to 
Iwid,  upon  the  machinery  and  equipment  used  in  or  around  any  well 
producing  petrolexma  or  other  crude  or  mineral  oil  or  natural  gas  and 
actually  used  in  the  operation  of  a  well.  This  statute  is  not  subject 
to  the  objection  that  because  the  business  was  carried  on  and  the 
production  brought  about  through  the  instrumentaUty  of  a  Federal 
agency,  the  State  is  without  power  to  impose  a  tax.  The  tax  provided 
for  by  this  act  is  not  upon  the  agency  or  the  means  employed  by  the 
producer,  but  is  upon  the  production  of  oil  and  gas,  and  is  therefore  a 
"tax  on  property"  as  such  and  is  vahd  without  regard  to  the  agency 
employed  in  its  production.  The  act  does  not  impose  a  tax  upon  the 
operations  of  an  oil  company,  or  upon  its  right  to  engage  or  continue 
in  business,  but  upon  the  commodity  which  it  produces  and  the  tax 
is  made  in  full  and  in  heu  of  certain  of  its  other  property  and  as  a 
substitute  therefor.  The  tax  is  payable  upon  the  gross  value  of  the 
oil  and  gas  produced  without  regard  to  the  value  of  the  other  enumer- 
ated property  of  the  producer  in  heu  oif  which  the  tax  is  imposed. 

Laige  QU  Go.  v.  Howard  (Oklahoma),  163  Pacific,  537,  p.  639. 
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TAXATION — CON8TBU0TION  OF  STATUTE. 

The  statute  of  Oklahoma  (Session  Laws  1916,  p.  102),  imposes  a 
tax  equal  to  3  per  cent  of  the  gross  value  of  the  production  of 
petroleum  or  other  crude  or  mineral  oil  and  natural  gas  less  the 
royalty  interest.  It  also  provides  that  the  payment  of  such  tax 
shall  be  in  full  and  in  lieu  of  all  taxes  by  the  State,  county,  city,  town- 
ship, or  other  municipalities  upon  any  property  rights  attached  to 
or  inherent  in  the  right  to  such  minerals,  upon  leases  for  the  mining 
for  petroleum  or  other  crude  oil  or  other  mineral  oil,  or  for  natural 
gas,  upon  the  mining  rights  and  privileges  belonging  to  or  apper- 
taining to  land,  upon  the  machinery  and  equipment  used  in  or  around 
any  well  producing  petroleum  or  other  crude  or  mineral  oil  or  natural 
gas  and  actually  used  in  the  operation  of  a  well.  This  statute  does  not 
purport  to  tax  the  leases  or  the  mining  rights  or  privileges  or  any 
investments  therein.  The  tax  is  laid  upon  the  oil  and  gas  produced 
without  regard  to  the  value  of  the  property  or  mining  rights,  leases, 
privileges,  machinery,  appliances,  and  equipment  used  in  or  around 
any  producing  well.  The  lease  through  which  the  rights  or  privil^es 
are  secured  fmnishes  only  the  evidence  of  title  or  ownership  and  not 
a  subject  of  taxation. 

Large  Oil  Go.  v,  Howard  (Oklahoma),  163  Pacific,  537,  p.  543. 

TAX   ON  GEL  AND   GAS — OONSTTrUTIONALITT  OF   STATUTE. 

The  tax  imposed  by  the  act  of  the  Oklahoma  Legislature  of  May  14, 
1916  (Session  Laws  1916;  p.  102),  is  not,  because  of  its  amount, 
repugnant  to  section  9,  article  10,  of  the  constitution,  which  provides 
that  the  State  levy  on  an  ad  valorem  basis  shall  not  exceed  in  any 
one  year  3^  mills  on  the  dollar.  This  act  imposes  a  special  tax  on 
oil  and  gas  in  Ueu  of  and  as  a  substitute  for  the  general  ad  valorem 
tax  on  certain  property  of  the  producer  and  is  levied  pmsuant  to 
sections  13  and  22,  article  10,  of  the  constitution,  which  authorizes 
the  State  to  select  its  subjects  of  taxation,  classify  and  value  property 
so  selected  by  means  and  methods  different  from  that  commonly 
employed  in  the  assessment,  levy  and  collection  of  taxes  by  municipal 
authorities  generally. 

Jjuge  Oil  Co.  V.  Howard  (Oklahoma),  163  Pacific,  537,  p.  547. 

TAX   ON   OIL   AND   GAS — ^EFFECT   ON   INDIAN   TREATY  RIGHTS. 

The  act  of  the  legislature  of  Oklahoma  of  May  14,  1916  (Session 
Laws  1916,  p.  102),  imposing  a  tax  of  3  per  cent  on  the  gross 
value  of  the  production  of  oil  and  gas  can  not  deprive  on  oil  company 
of  its  power  to  serve  the  Indians  or  the  General  Government  acting 
in  their  behalf.  The  act  does  not  impair  the  treaty  rights  of  the 
Osage  Indians  for  whom  the  federal  Government  lawfully  under- 
takes to  act  and  it  is  too  remote  and  indirect  to  be  regarded  as  an 
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interference  with  the  Federal  agency  or  a  direct  burden  upon  its 
free  exercise. 
Large  OU  Co.  v.  Howard  (Oklahoma),  163  Pacific,  537,  p.  547. 

OONSTRUCJTION   AND   APPUCATION  OF   STATUTE. 

The  act  of  the  Oklahoma  Legislature  of  May  14,  1916  (Session 
Laws  1916,  p.  102),  imposes  a  tax  of  3  per  cent  on  the  gross  value 
of  the  production  of  petroleum  or  crude  oil  and  of  natural  gas,  less 
the  royalty  interest.  This  statute  must  not  be  confoimded  with 
the  act  of  May  26,  1908  (Session  Laws  1907-8,  p.  640)  that  provides 
a  gross  revenue  tax  which  shall  be  in  addition  to  the  taxes  levied 
and  collected  upon  an  ad  valorem  basis  upon  the  property  and  assets 
of  an  oil  company  equal  to  a  per  centum  of  its  gross  receipts  as  therein 
provided.  Then,  while  the  present  act  provides  that  the  tax  is  in  full 
and  in  lieu  of  all  taxes,  the  act  of  1908  by  express  terms  makes 
the  tax  ''in  addition  to  the  taxes  levied  and  collected  upon  an  ad 
valorem  basis. '^ 

Large  Oil  Oo.  v.  Howard  (Oklahoma),  163  Pacific,  537,  p.  546. 

INVALID   TAX   SALE — ^RECOVERY — STATUTE   OF   LIMITATIONS. 

The  amendment  of  the  constitution  of  Nevada  at  the  general 
election  of  1906  (Nevada  Revised  Laws,  sec.  352),  prescribing  the 
method  of  the  assessment  and  taxation  of  patented  mines'  and  min> 
ing  claims  completely  nullified  the  amendment  of  1902  and  the  act 
of  the  legislature  of  1905  (Nevada  Statutes  1905,  p.  81),  authorizing 
the  assessment  of  patented  mining  claims  at  a  flat  valuation  of  $10 
per  acre.  Any  assessment  of  a  patented  mining  claim  made  under 
the  act  of  1905,  after  the  adoption  of  the  amendment  of  1906,  was 
void,  and  any  subsequent  sale  for  taxes  on  such  an  assessment  was 
wholly  void  and  of  no  effect  whatever.  Under  the  statutes  of  Nevada, 
an  action  to  recover  a  mining  claim  must  be  brought  within  two 
years,  and,  though  a  tax  sale  should  be  wholly  invalid,  the  original 
owner  must  commence  his  action  to  recover  the  claim  within  the 
statutory  period  unless  the  lawful  owner  was  under  some  disabihty, 
and  in  such  case  the  period  of  disability  can  not  be  a  part  of  the  time 
limit  for  the  commencement  of  the  action;  but  in  such  case  an  action 
may  be  commenced  within  two  years  after  the  removal  of  the  dis- 
ability.  • 

Wren  v.  Dickaon  (Nevada),  161  Pacific,  722,  p.  731. 

lUESPASS. 
PROOF  OP  DAMAGES — LIMrrATION   AS   TO  TIME. 

In  an  action  for  damages  for  trespass  to  a  mine  and  mining  property 
it  is  not  proper  to  prove  any  damages  or  depreciation  in  the  mining 
property  prior  to  the  time  the  complainant  acquired  title.    In  esti- 
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mating  or  arriving  at  the  damages  the  jury  can  not  base  its  estimate 
on  the  theory  adopted  and  given  by  witnesses  that  covering  a  period 
of  10  years,  40  per  cent  of  the  damages  and  depreciation  was  to  be 
charged  to  the  first  four  years  and  60  per  cent  to  be  charged  to  the 
remaining  6  years,  where  the  evidence  shows  that  the  defendant  was 
in  possession  for  the  six  years  only. 
Llewellyn  v,  Sunnyaide  Coal  Co.  (Pennsylvania),  99  Atlantic,  869.  p.  870. 

RENTAL   VALUES — CROSS-EXAMINATION   OF   WITNESS. 

In  an  action  of  trespass  to  recover  damages  for  injuries  to  a  coal 
mine  and  mining  property  and  for  the  rental  value  of  land  in  con- 
nection with  the  mining  property,  a  witness  who  gives  his  opinion 
as  to  the  rental  values  based  on  his  knowledge  of  the  sales  of  such 
property  may  be  asked  on  cross-examination  as  to  rentals  paid  for 
the  properties  referred  to  as  a  test  of  his  good  faith  and  credibility. 

Llewellyn  v.  Sunnyside  Coal  Co.  (Pennsylvania),  99  Atlantic,  869,  p.  871. 
REMOVAL  OF  ORE — FRAUD — STATUTE   OF   LIMrTATIONS. 

The  Golden  Eagle  Mining  Co.  and  the  Imperator-Quilp  Co.  were 
the  owners  of  adjoining  mining  claims.  Between  September  1910 
and  August  1912,  the  Imperator-Quilp  Co.  exposed  and  developed 
their  vein  of  ore  to  the  point  of  intersection  with  the  boundary 
line  between  its  claim  and  that  of  the  Golden  Eagle  Mining.  Co.  at 
the  depth  of  between  300  and  600  feet  below  the  surface  of  the  ground. 
The  Imperator-Quilp  Co.  by  its  officers  and  employees  knowingly 
and  wrongfully  entered  upon  and  into  the  claim  of  the  Golden 
Eagle  Mining  Co.  and  extracted  and  removed  ore  therefrom  of  the 
value  of  several  thousands  of  dollars.  At  that  time  there  were  no 
underground  workings  of  any  character  upon  the  claim  of  the  Golden 
Eagle  Mining  Co.  and  it  did  not  discover,  nor  have  any  means  of 
discovering  such  wrongful  removal  of  the  ore  until  December,  1912. 
In  Decembter,  1915,  more  than  three  years  after  the  wrongful  removal 
of  the  ore,  but  less  than  three  years  after  its  discovery,  the  Golden 
Eagle  Mining  Co.  commenced  an  action  against  the  Imperator- 
Quilp  Co.  to  recover  the  value  of  the  ore  so  wrongfully  removed. 
Under  the  statute  of  Washington  an  action  for  waste  or  trespass 
upon  real  property  must  be  commenced  within  three  years  after 
the  cause  of  action  has  accrued.  But  in  actions  for  relief  upon  the 
ground  of  fraud  the  cause  of  action  is  not  deemed  to  accrue  until 
the  discovery  thereof  by  the  aggrieved  party.  In  some  States, 
notably  Pennsylvania  and  California  the  courts  hold  that  the  secret 
taking  of  ore  from  beneath  the  surface  of  the  ground  is  in  effect  a 
fraud  upon  the  rights  of  the  owner  of  the  property  trespassed  upon 
and  such  as  gives  him  a  cause  of  action  for  relief  upon  the  ground  of 
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fraud  thereby  changing  the  rule  as  to  the  statute  of  limitations. 
The  Supreme  Court  of  Washington  made  no  distinction  between  the 
wrongful  taking  of  ore  between  300  and  500  feet  below  the  surface 
from  an  unworked  mining  claim  and  that  of  an  ordinary  fraud  prac- 
ticed in  the  open  where  detection  might  follow  without  delay,  and 
accordingly  held  that  the  action  was  barred  in  the  three  years  from 
the  time  the  trespass  was  committed. 

Golden  Eagle  Mining  Go.  v.  Imperator-Quilp  Go.  (Waahington),  161  Pacific,  848. 
See  Lewey  v.  Fricke  Goal  Go.,  166  Pa.  536,  31  Atlantic  261,  45  Am.  St.  684,  28  L. 
R.  A.  283. 
la^thner  Wn.  Go.  v.  Lane,  161  California  689,  120  Pacific,  771. 
lindley  On  Mines  (3d  ed.)  paragraph  867. 
Langley  v.  Devlin  (Waabington),  163  Pacific,  395. 

LIBNS. 
FOBECLOSUBE   OF  MOKTOAQE — SUPEBIOB  TITLE, 

Ordinarily  an  adverse  title  to  mining  property  paramount  to  a 
mortgage  can  not  be  Ktigated  in  a  proceeding  to  foreclose  the  mort- 
gage; but  the  litigation  of  the  title  in  such  proceeding  is  not  without 
jurisdiction  though  it  may  be  error  if  it  be  over  the  objection  of  the 
owner  of  the  paramount  title.  But  if  the  complaint  in  the  fore- 
clceure  proceedings  alleges  that  the  defendant  claims  an  interest  or 
a  iien  which  if  valid  is  subsequent  to  the  mortgage,  the  defendant 
16  bound  to  assert  his  permanent  title,  or  his  interest  or  lien  and  on 
failure  to  do  so  he  is  bound  by  a  decree  imless  appealed  from. 

Dickerman  Inv.  Go.  v.  Oliver  Iron  Min.  Go.  (Minnesota),  160  Northwestern,  776, 
p.  778. 


QUARRY  OPERATIONS. 

FELLOW   SERVANTS. 

An  employee  in  a  stone  quarry  was  pushing  an  empty  car  upon 
the  main  track  from  the  crusher  to  the  place  in  the  quarry  at  which 
it  was  loaded.  Shortly  before  he  reached  the  part  of  the  main 
track  intersected  by  the  spur  two  other  employees  of  the  company 
in  charge  of  a  loaded  car  that  was  standing  chocked  on  the  spur, 
carelessly  and  negligently  remored  the  chock  thereby  permitting 
the  loaded  car  to  run  down  the  spiu*  to  the  main  track  where  it  col- 
lided with  the  empty  car  and  injured  the  employee  pushing  the 
empty  car.  The  employees  operating  these  two  separate  cars  were 
not  fellow  servants  within  the  rule  that  would  defeat  the  injured 
employee's  right  of  recovery.  They  were  fellow  servants  only  in 
the  sense  that  all  were  employed  by  the  same  master  and  engaged 
ia  similar  services  but  the  operators  of  the  empty  car  had  no  con- 
trol or  direction  over  the  operators  of  the  loaded  car  and  the  two 
employees  pushing  the  empty  car  were  not  so  associated  with  the 
two  persons  operating  the  loaded  car  as  that  they  could,  imder  the 
circumstances,  and  by  the  exercise  of  ordinary  care  and  attention, 
protect  themselves  from  the  negligent  acts  of  the  operators  of  the 
loaded  car. 
Oummins  v.  Sparks  Coal  Go.  (Kentucky),  191  Southwestern,  515. 
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PUBLICATIONS  RELATING  TO  MINING  LAWS. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mnes  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  pubhcations  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the  Di- 
rector, Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution,  as  well  t»  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.    Interested  persons  should  apply  to 

the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

« 

PUBLICATIOXS  AVAILABLE   FOB  FBEE   DISTBIBUTION. 

Bttllstin  75.  Rules  and  regulationB  for  metal  znineB,  by  W.  R.  Ingalla  and  others. 
1915.    296  pp.,  1  fig. 

Bulletin  90.  Abstracts  of  current  decisions  on  mines  and  mining,  December,  1913, 
to  Septemb^,  1914,  by  J.  W.  Thompson.    1916.    176  pp. 

Bulletin  101.  Abstracts  of  current  decisions  on  mines  and  mining,  October,  1914, 
to  April,  1915,  by  J.  W.  Thompson.    1916.    138  pp. 

Bulletin  113.  Abstracts  of  current  decisions  on  mines  and  mining,  reported  from 
May  to  September,  1915,  by  J.  W.  Thompson.    1916.    124  pp. 

Bulletin  118.  Abstracts  of  current  decisions  on  mines  and  mining,  reported  from 
October  to  December,  1915,  by  J.  W.  Thompson.    1916.    74  pp. 

Bulletin  126.  Abstracts  of  current  decisions  on  mines  and  mining,  reported  from 
January  to  April,  1916,  by  J.  W.  Thompson.    1916.    90  pp. 

Bulletin  147.  Abstracts  of  current  decisions  on  mines  and  mining,  reported  from 
September  to  December,  1916,  by  J.  W.  Thompson.     1917.     84  pp. 

Technical  Paper  138.  Suggested  safety  rules  for  installing  and  using  electrical 
equipment  in  bituminous  coal  mines,  by  H.  H.  Clark  and  G.  M.  Means.    1916.    36  pp. 

PUBLICATIONS  THAT  MAT  BE   OBTAINED  pNLT  THROUGH  THE   SUPER- 
INTENDENT  OF  DOCUMENTS. 

Bulletin  61.  Abstracts  of  current  decimons  on  mines  and  mining,  October,  1912, 
to  March,  1913,  by  J.  W.  Thompson.     1913.    82  pp.    10  cents. 

Bulletin  66.  Oil  and  gas  wells  through  workable  coal  beds;  papers  and  discua- 
noDs,  by  6.  S.  Rice,  O.  P.  Hood,  and  others.    1913.    101  pp.,  1  pi.,  11  figs.    10  cents. 

Bulletin  79.  Abstracts  of  current  decisions  on  mines  and  mining,  March  to  Decem- 
ber, 1913,  by  J.  W.  Thompson.    1914.    140  pp.    20  cents. 

Bulletin  94.  United  States  mining  statutes  annotated,  by  J.  W.  Thompson.  1915. 
1772  pp.    In  two  parts,  not  sold  separately.    Cloth,  $2.60  per  set;  paper,  $2.00. 

Bulletin  143.  Abstracts  of  current  decisions  on  mines  and  mining,  reported  from 
May  to  August,  1916,  by  J.  W.  Thompson.    1917.    72  pp.    10  cents. 

Technical  Paper  53.  Proposed  regulations  for  the  drilling  of  oil  and  gas  wells,  with 
comments  thereon,  by  O.  P.  Hood  and  A.  G.  Heggem.    1913.    28  pp.,  2  figs.    5  cent». 
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THE  MIMNG  INDUSTRY  IN  THE  TERRITORY  OF  ALASKA 
DURING  THE  CALENDAR  YEAR  1916. 


By  Sumner  S.  Smith. 


IHTBODUCTIOH. 

The  year  1916  broke  all  previous  records  of  mineral  production  in 
the  Territory.  As  a  consequence,  there  has  been  a  noteworthy  increase 
in  the  number  of  mines  in  active  operation  or  under  development, 
though  the  greater  part  of  the  increased  output  is  the  result  of  greater 
activity  at  mines  already  producing  rather  than  of  opening  new 
nunes. 

Owing  to  available  funds  not  being  sufficient  to  meet  the  cost  of 
travel  in  the  interior  of  the  Territory  during  the  winter  months,  the 
Federal  mine  inspector  was  unable  diuing  the  spring  to  visit  the 
placer  mines  of  the  interior  as  has  been  his  custom  in  the  past. 
However,  by  working  m  close  cooperation  with  the  Territorial  in- 
spector, who  left  Juneau  in  June  to  take  the  first  boat  down  the 
Yukon  to  Fairbanks  after  the  spring  break-up,  it  was  possible  to 
visit  hurriedly  afl  the  larger  mining  centers  of  the  Territory.  The 
Territorial  inspector  covered  the  districts  from  Fairbanks  to  Nome 
and  the  Federal  inspector  covered  those  of  southeastern  and  south- 
western Alaska. 

A  nxunber  of  applicants  have  begim  mining  coal  on  ground  held 
under  free-use  10-acre  permits,  and  have  furnished  coal  for  local  use. 
The  larger  leasing  imits  in  the  Bering  River  and  Matanuska  coal 
fields  have  been  advertised  and  applications  for  leases  have  been 
submitted.  These  applications  came  too  late  in  the  fall  for  active 
development  to  begin  before  the  end  of  the  year. 

The  Government  railroad  has  been  built  from  Anchorage  to  the 
center  of  the  Matanuska  coal  field,  and  private  interests  have  under- 
taken the  building  of  a  standard-gage  road  from  a  point  known  as 
Goose  City  on  Controller  Bay  to  Canyon  Creek,  in  the  Bering  River 
field.  Capital  has  become  interested  in  the  oil  fields  on  Controller 
Bay,  and  plans  have  been  made  for  more  active  exploration  and 
production. 

The  work  of  the  Federal  mine  inspector  is  still  handicapped  by 
the  lack  of  funds  for  additional  field  assistants  and  of  the  office  ac- 
commodations necessary  for  carrying  on  the  work  with  the  efficiency 
that  its  importance  warrants. 


2  MINING  IN  ALASKA  IN  1916. 

ACEVOWLEDOMEVTS. 

The  preparation  of  this  report  has  involved  the  compilation  of 
data  from  many  som*ces,  and  the  Federal  inspector  gratefully  ac- 
knowledges the  assistance  of  all  those  who  have  furmshed  informa- 
tion. He  extends  thanks  to  members  of  the  United  States  Oeol<^cal 
Survey,  the  Alaskan  Engineering  Commission^  the  General  Land 
Office,  the  Department  of  Justice,  the  officials  of  many  mining  and 
steamship  companies,  and  individual  miners,  prospectors,  and  engi- 
neers. Particular  credit  is  due  Roy  A.  Dye,  clerk  to  the  Federal 
mine  inspector;  William  Maloney,  Territorial  mine  inspector;  Geoige 
R.  Goshaw,  of  Chitina;  C.  H.  !&aemer,  Oeorge  F.  White,  M.  J.  Cal- 
laghan,  and  M.  B.  Vaughn,  of  Valdez;  R.  O.  Doherty,  of  Anchorage; 
and  W.  H.  Dugdell,  of  Katalla. 

EBW  DISTXIGTS. 

In  only  one  district  were  the  discoveries  of  placer  gold  rich  enough 
to  attract  unusual  attention,  though  the  limits  of  the  known  profitable 
areas  in  many  of  the  older  fields  were  considerably  extended. 

In  the  fall  of  1915  rich  discoveries  were  reported  in  the  Tolstoi  dis- 
trict, in  the  Innoko  Basin,  and  during  1916  a  small  stampede  carried 
a  number  of  prospectors  to  that  locality.  So  far  the  discoveries  have 
not  been  large  enough  to  warrant  an  opinion  on  the  possible  future  of 
the  district,  although  excellent  pay  was  reported  on  Boob  CSreek. 

The  Yukon  Gold  Co.  installed  a  dredge  on  Greenstone  Creek,  in  the 
Ruby  district.  Although  pay  had  been  found  on  many  of  the  creeks 
of  that  locaUty  the  erection  of  this  dredge  extended  the  limits  of  the 
district  considerably  and  will  add  materially  to  the  life  of  the  com- 
munity. 

The  Nelchina  district  ceased  to  exist,  so  far  as  mining  was  con- 
cerned, and  the  nimiber  of  operators  in  the  Chisana  dwindled  to  half 
its  former  size. 

The  Marshall  district,  on  the  lower  Yukon,  showed  considerable 
improvement,  as  did  the  Tolovana,  about  50  miles  northeast  of 
Fairbanks.  The  best  pay  found  in  the  latter  district  is  on  liven- 
gobd  Creek.  The  short,  rainy  season  held  back  work  somewhat, 
as  the  water  for  sluicing  was  very  Umited.  The  post  office  in  this 
district  has  been  named  Brooks. 

KIEEEAL  PBODUCTIOH. 

The  Federal  inspector  has  not  attempted  to  present  a  comprehen- 
sive collection  of  data  on  the  mineral  output  of  the  Territory  as  it 
would  dupUcate  the  excellent  work  of  the  United  States  Geolo^cal 
Survey.    Hence  he  has  taken  the  following  figiu*es  on  mineral  "pro- 
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daction  from  the  advance  statement  of  Alfred  H.  Brooks,  of  the 
Survey: 

The  value  of  the  total  mineral  production  of  Alaska  in  1916  is  estimated  to  haixe 
been  $50,900,000;  that  of  1915  was  $32,854,000  and  was  itself  greater  than  in  any  pre- 
vious year.  The  increase  in  1916  was  therefore  over  $18,000,000,  or  more  than  54  per 
cent.  Althou^  this  enormous  increase  in  output  was  in  laige  measure  due  to  the 
laige  tonnage  and  high  price  of  copper,  yet  nearly  all  other  minerals  were  produced 
in  greater  quantities  than  in  the  previous  year.  During  32  years  of  mining  Alaska 
has  produced  over  $351,000,000  worth  of  gold,  silver,  copper,  and  other  minerals. 

It  can  not  be  expected  that  Alaska  will  continue  to  produce  so  much  mineral  wealth 
each  year,  yet  the  laige  amount  of  preparation  made  in  1916  for  lode  and  placer  mining 
and  the  development  of  the  coal-miniug  industry,  now  assured,  give  promise  of  a 
continuous  healthy  growth  of  the  mining  industry  of  the  Territory.  This  is  especially 
true  of  the  Pacific  coast  region  and  of  the  territory  served  by  railroads  built  or  under 
construction. 

The  Alaska  mines  are  believed  to  have  produced  gold  to  the  value  of  about 
$17,060,000  in  1916,  compared  with  $16,700,000  in  1915.  This  makes  the  total  value 
of  the  gold  mined  in  the  Territory  about  $277,900,000,  of  which  sum  $196,800,000  has 
been  won  from  the  placers.  In  1916  about  120,850,000  pounds  of  copper  was  pro- 
duced in  Alaska,  valued  at  about  $32,400,000.  The  production  of  1915  was  86,500,000 
pounds,  valued  at  $15,100,000.  The  total  copper  production  to  date  is  340,700,000 
pounds,  valued  at  $68,300,000. 

The  value  of  Alaska's  lesser  mineral  products  in  1916  was  about  as  follows:  Silver, 
1950,000;  tin,  $120,000;  lead,  $110,000;  antunony,  $60,000;  tungsten,  $50,000;  coal, 
|30,000j  petroleum,  marble,  gypsum,  etc.,  $130,000. 

PLACER  GOLD. 

The  data  in  hand  indicate  that  the  value  of  the  placer  gold  output  in  1916  was 
$10,640,000;  in  1915  it  was  $10,480,000.  About  640  placer  mines  were  operated  in 
1916,  employing  some  4,600  men.  All  the  older  districts  appear  to  have  held  up  or 
increased  their  output  compared  with  the  psevious  year,  except  Fairbanks.  The 
increased  output  is,  hoWever,  to  be  credited  chiefly  to  the  new  camps  of  Marshall 
and  Tolovana. 

Thirty-six  gold  dredges  were  operated  in  Alaska  in  1916,  one  more  than  in  1915 — 
29  in  Seward  Peninsula,  three  in  the  Iditarod,  and  one  each  in  the  Ruby,  Fairbanks, 
Circle,  and  Yentna  districts.  Of  these  36  dredges  four  were  installed  in  1916.  It 
is  estimated  that  these  dredges  produced  between  $2,000^000  and  $2,200,000  worth  of 
gold.  If  the  final  figures  bear  out  this  estimate,  it  indicates  a  lower  recovery  per  dredge 
than  in  the  previous  year.    In  1915  the  35  dredges  mined  $2,330,000  worth  of  gold. 

LODE   GOLD. 

About  25  gold-lode  mines  were  operated  in  1916,  compared  with  28  in  1915.  The 
vahie  of  this  gold  output  increased  from  $6,069,000  in  1915  to  about  $6,200,000  in  1916. 
Southeastern  Alaska,  especially  the  Juneau  district,  is  still  the  only  center  of  large 
quartz-mining  developments  in  the  Territory.  Next  in  importance  is  Willow  Creek 
lode  district.  There  was  also  considerable  gold-lode  mining  on  Prince  WiUiam 
Sound,  but  a  very  decided  falling  o£f  of  this  industry  in  the  Fairbanks  district.  Lode- 
mine  owners  of  Fairbanks  are  awaiting  the  cheapening  of  operating  costs,  especiaUy 
of  fuel,  which  will  be  brought  about  by  the  Government  railroad. 


4  MnnKG  IK  ALASKA  IK  1916. 

OOPPEB. 

The  enonnous  copper  output  from  Alaska  mines  in  1916  has  already  been  referred 
o.  During  the  year  18  copper  mines  were  operated,  compared  with  13  in  1915 — 
seven  in  the  Ketchikan  district,  eight  in  the  Prince  WiUiam  Sound  district,  and 
three  in  the  Chitina  district.  The  enormous  output  from  the  Kennicott  mine,  in 
the  Chitina  district,  overshadowed  all  other  operations.  Had  the  transportation 
companies  and  smelters  been  able  to  handle  the  ore,  however,  many  of  the  smaller 
copper  mines  would  have  made  a  much  greater  output.  It  is  estimated  that  about 
660,000  tons  of  copper  ore  was  hoisted  in  1916. 

TIK. 

About  232  tons  of  stream  tin  was  produced  in  Alaska  in  1916.  Of  this  about  162 
tons  came  from  the  York  district,  where  two  tin  dredges  were  operated  and  a  third 
was  working  on  placer  ground  carrying  both  tin  and  gold.  Developments. were  also 
continued  on  the  Lost  River  lode- tin  mine.  The  rest  of  the  concentrates  were  recov- 
ered incidentally  to  placer-gold  mining  in  the  Hot  Springs  district  of  the  lower  Tanana 
Basin. 

ANTIMONY. 

The  mining  of  antimony  ore  (stibnite)  began  in  Alaska  in  1915  and  continued  in 
a  small  way  through  the  first  half  of  1916.  The  fall  in  the  price  of  antimony  during 
midsummer  put  an  end  to  most  of  these  operations.  About  1460  tons  of  crude  ore 
was  mined  and  shipped  during  1916.  Much  the  larger  part  of  this  came  from  the 
Fairbanks  district. 

TUNGSTEN. 

Though  scheelite  has  long  been  known  to  occur  in  some  of  the  Alaska  placers,  up  to 
the  last  two  years  the  demand  for  it  has  not  been  sufficient  to  encourage  its  recovery. 
The  recent  high  price  of  tungsten  has  induced  Alaska  miners  to  turn  their  attention  to 
scheelite  deposits.  In  the  fall  of  1915  a  scheelite-bearing  vein  was  discovered  in  the 
Fairbanks  district,  and  its  development  began.  Later  two  other  scheelite-bearing 
veins  were  found  in  the  same  district.  During  the  winter  some  of  these  scheelite  ores 
were  treated  in  a  local  mill,  and  the  concentrates  were  shipped  out  by  parcel  post. 
Scheelite  mining  was  continued  during  the  summer,  and  the  crude  ore  was  shipped  out 
by  steamer.  Considerable  scheelite  was  also  recovered  from  some  of  the  gold  placers 
at  Nome,  and  a  little  was  produced  in  other  districts.  It  is  estimated  that  about  50 
tons  of  scheelite  concentrates,  were  produced  in  Alaska  during  1916,  for  which  the  pro- 
ducers received  over  150,000. 

MINERAL  FUELS. 

The  production  of  petroleum  from  the  only  oil  claims  patented  in  Alaska,  in  the 
Katalla  district,  continued  in  1916.  The  operating  company  was  reoiganized  and  more 
extensive  exploitation  was  undertaken.  About  8,000  tons  of  coal  was  mined  in  Alaska 
during  1916  from  half  a  dozen  small  mines.  The  largest  producer  was  the  Bluff  Point 
mine,  on  Cook  Inlet,  where  a  lignite  bed  was  exploited  for  the  local  market.  The 
mining  of  coal  in  the  lower  end  of  the  Matanuska  field,  for  the  use  of  the  Alaska  Engi- 
neering Commission,  was  also  a  significant  event.  This  part  of  the  field  is  already 
made  accessible  by  the  Government  railroad,  now  under  construction.  The  construc- 
tion of  a  private  railroad  from  Bering  River  into  the  Bering  River  coal  field  was  also 
begun,  and  a  little  coal  was  mined  at  the  southwest  end  of  the  Bering  River  field. 
Tenders  for  leases  of  coal  lands  in  both  the  Bering  River  and  Matanuska  coal  fields 
under  the  new  law  have  been  received  by  the  Interior  Department.    Another  impor- 
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tant  event  was  the  completion  by  the  Creological  Stirvey  of  a  detailed  examination  of 
the  more  acceasible  part  of  the  Nenana  coal  field,  lying  about  60  miles  south  of  Fair- 
banks. All  these  ^ts  indicate  that  systematic  exploitation  of  the  Alaska  coal  fields 
will  soon  be  undertaken. 

The  figures  received  by  the  Federal  inspector,  as  shown  under  the 
title  "Coal  mining  in  1916"  (p.  8),  indicate  that  the  production  of  coal 
may  be  somewhat  higher  than  the  estimate  above. 

WORK  OF  THE  FEDEKAL  IVSPECTOE. 

The  inspector  was  called  to  Washington,  D.  C,  early  in  the  spring 
for  conferences  regarding  the  leasing  of  coal  lands  in  Alaska  and  while 
there  completed  a  report  on  the  leasing  units  and  Government  reser- 
vation in  the  Matanuska  Valley,  the  field  work  for  which  had  been 
done  the  previous  smnmer  and  fall.  While  in  Washington  the  inspec- 
tor attended  the  National  Safety-First  Exhibit,  February  21  to  26, 
and  also  the  conference  of  State  and  Government  officials  on  the 
standardization  of  mining  statistics  and  mine  regulations. 

During  the  year  two  reports  were  prepared  on  mine  inspection  and 
the  mining  industry  in  the  Territory.  The  first  report,  made  to  the 
Director  of  the  Bureau  of  Mines,  covered  the  calendar  year  1915.* 
It  contained  the  new  laws  passed  by  the  Territorial  Legislature  in 
regard  to  mine  inspection,  descriptions  of  mines  throughout  the  Ter- 
ritory, lists  of  operators,  tables  of  accidents,  and  recommendations 
for  tiiie  advancement  of  the  mining  industry.  The  second  report, 
made  to  the  Secretary  of  the  Interior,  was  for  the  fiscal  year  ended 
June  30,  1916.  It  reviewed  in  brief  the  mining  industry  and  made 
certain  recommendations  for  improvement,  but  did  not  go  into  the 
details  of  mining. 

Early  in  the  spring  of  1916  the  Federal  and  Territorial  inspectors 
agreed  to  cover  different  parts  of  the  Territory  to  avoid  duplication 
of  work  and  to  obtain  the  greatest  efficiency.  Accordingly,  the  Fed- 
eral inspector  began  his  field  work  in  the  districts  tributary  to  Cook 
Inlet  and  covered  the  country  from  there  to  Ketchikan.  This  area 
embraced  the  Willow  Creek  (Susitna  drainage),  Matanuska,  Cache 
Creek,  Crow  Creek,  Kenai  Peninsula,  Prince  William  Sound,  Copper 
River,  Juneau,  Sitka,  and  Ketchikan  districts.  The  inspection  cov- 
ered the  operations  of  dredges,  mills,  metallurgical  works,  coal,  lode 
and  placer  mines,  the  field  work  occupying  most  of  the  time  from 
May  to  the  latter  part  of  December. 

Before  the  Federal  inspector  returned  from  Washington,  the  Ter- 
ritorial inspector  visited  the  districts  of  southeastern  Alaska  and 
went  into  the  interior  of  the  Territory  as  soon  as  navigation  on  the 
rivers  opened.    He  visited  the  placer  fields  tributary  to  Fairbanks, 

e  Smith,  8.  8.,  The  mining  industry  In  Alaska  during  the  calendar  year  1915:  Bull.  142,  Bureau  of 
Uhm,  1917,  05  pp. 


6  MINING  IN  ALASKA  IN  1916. 

Tolovana,  Hot  Springs^  Ruby,  Iditarod,  and  the  Seward  Peninsula. 
Leaving  Nome  on  one  of  the  last  boats  in  the  fall,  the  Territorial 
inspector  made  a  trip  to  the  west,  visiting  the  Prince  WiUiam  Soimd 
and  Copper  River  districts. 

VEEDS  OF  THE  IVSPECTIOV  SEB7ICE. 


The  headquarters  of  the  Federal  inspector  are  at  Juneau,  where 
Ke  occupies,  through  the  courtesy  of  the  Department  of  Justice, 
the  grand  jury  room  in  the  courthouse  when  that  body  is  not  in 
session.  However,  the  district  court  has  ruled  that  criminal  cases 
coming  before  the  United  States  commissioner  must  be  tried  by 
jury,  and,  as  the  grand  jury  room  is  the  only  room  large  enough  to 
accomodate  the  number  of  persons  necessarily  present  at  such  trials, 
it  becomes  incumbent  for  the  mine  inspector  to  move  out  whenever 
a  criminal  trial  is  held  before  the  commissioner.  This  procedure 
leaves  the  files  and  library  of  the  inspector  open  to  any  who  care 
to  take  advantage  of  the  opportunity.  Valuable  books  and  bulletins 
have  been  removed  from  the  office,  or  disfigured  with  pencil  nota- 
tions. The  room  is  entirely  inadequate  for  the  present  needs  of  the 
inspector's  office  and  permanent  quarters  should  be  procured  at  an 
early  date,  especially  as  the  opening  of  the  coal  mines  throughout 
the  Territory  will  greatly  increase  the  work  to  be  done.  The  coal 
mines  in  the  Territory  are  operated  on  ground  leased  from  the 
Federal  Government  and  the  duty  of  inspecting  these  mines  rests 
on  the  Grovemment,  as  the  territorial  mine  inspection  act  specifi- 
cally excepts  coal  mines  from  the  jurisdiction  of  the  territorial 
inspector. 

An  appropriation  should  be  made  to  cover  the  rental  of  permanent 
quarters  and  provide  funds  for  the  purchase  of  office  furniture  and 
supplies.    An  appropriation  of  $600  for  office  rent  is  recommended. 

CLBKICAL  ASSISTANCE. 

During  the  past  year  the  Federal  inspector  has  been  able  to  keep 
the  records  of  his  office  current  and  to  attend  promptly  to  all  corre- 
spondence through  the  aid  of  Roy  A.  Dye,  who  was  appointed 
derk  to  the  mine  inspector  in  the  fall  of  1915  and  has  made  his 
headquarters  in  Juneau.  In  addition  to  his  office  duties  Mr.  Dye 
has  spent  considerable  time  in  training  the  miners  near  Juneau  in 
first  aid  to  the  injured. 

FIELD  ASSISTANTS. 

It  would  require  a  period  of  at  least  four  years  for  one  man  to 
inspect  all  the  mining  operations  in  the  Territory,  and  while  he  was 
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spending  a  season  in  one  district  the  mines  visited  the  year  hef  ore 
in  another  locality  would  have  ceased  to  exist  and  others  would  have 
been  opened.  The  Federal  mine  inspector  should  have  at  least 
four  assistants.  And  even  with  this  number  many  mining  operations 
in  the  more  remote  portions  of  the  Territory  could  not  be  visited 
more  than  once  annually  and  inspection  based  on  one  visit  per  year 
certainly  can  not  be  considered  efficient. 

Under  present  conditions  the  percentage  of  serious  and  fatal 
accidents  that  the  inspector  can  investigate  is  extremely  small 
and,  owing  to  the  time  consumed  in  travel  and  communication, 
it  may  be  impossible  for  the  inspector  when  he  finally  arrives  to 
determine  the  causes  accurately.  T^th  the  facilities  now  at  hand 
the  inspector  can  not  investigate  a  tenth  of  the  serious  and  fatal 
accidents  and  it  is  necessary  for  him  to  rely  upon  the  statements  of 
the  operators,  supplemented  by  those  of  employees,  for  at  least 
nine-tenths  of  the  information  regarding  the  causes  of  accidents. 

The  infrequent  visits  of  the  inspector  work  a  hardship  both  on  the 
employee  and  operator,  as  the  inspector  often  fails  to  see  the  mines 
under  average  conditions.  To  be  specific,  many  of  the  mines  have 
excellent  ventilation  in  the  winter,  when  conditions  for  ventilation 
are  most  favorable;  but  in  the  spring  and  fall,  when  atmospheric 
conditions  are  changeable  and  when  the  temperature  outside  varies 
but  little  from  that  underground,  the  relative  humidity  becomes  so 
high  and  the  air  so  contaminated  that  it  is  impossible  for  men  to 
accomplish  more  than  a  small  part  of  their  normal  work.  If  a  mine 
is  visited  at  this  time  the  ventilation  is  condemned,  whereas  if  the 
inspector  had  gone  through  the  same  mine  a  few  months  before  he 
would  have  foimd  the  ventilation  excellent. 

The  Federal  mine  inspector  should  have  assistants  enough  to 
inspect  thoroughly  every  mine  of  any  consequence  several  times 
during  the  year  and  to  investigate  practically  all  the  serious  and 
fatal  accidents.  The  visits  should  be  so  frequent  that  the  inspectors 
would  see  all  the  mines  under  average  rather  than  under  exceptional 
conditions. 

Many  of  the  coal  beds  in  the  Bering  River  and  Matanuska  fields 
are  extremely  gaseous  and  great  caution  should  be  used  in  open- 
ing mines,  whether  under  lease  or  free-use  10-acre  permits.  The 
inspector's  office  should  be  equipped  with  sufficient  mine-rescue 
apparatus  in  each  coal  field  to  train  the  miners  in  its  use  and  provide 
against  the  emergency  of  an  explosion  until  the  operators  in  the 
fields  have  sufficient  apparatus  and  trained  men  to  insure  prompt 
action  in  case  of  accident. 
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MINE  EXFEKIMENT  STATIONS. 

Alaska  has  been  particularly  fortunate  in  having  mine  experi- 
ment stations,  under  the  Federal  Bureau  of  Mines,  established  at 
points  that  will  serve  both  the  coast  and  the  interior  districts.  The 
station  at  Fairbanks  will  be  able  to  handle  such  problems  as  may 
arise  in  the  interior,  and  work  along  the  coast  will  naturally  go  to  the 
Seattle  station.  The  Alaskan  problems  presented  to  these  stations 
will  be  numerous,  but  particular  attention  will  be  given  those  that 
confront  the  pioneer.  The  metallmgy  of  the  copper-bearing  mag- 
netites of  the  Ketchikan  district,  the  development  of  electric  smelting 
to  utihze  the  vast  water  power  available  along  the  coast,  the  concen- 
tration of  tungsten  minerals,  the  metallurgy  of  tin  ores,  the  economic 
recovery  of  minerals  other  than  gold  from  placer  gravels,  the  clean- 
ing and  coking  of  the  bituminous  coals  with  attendant  by-product 
problems,  the  possibility  of  briquetting  the  lower-grade  Ugnites,  and  a 
general  dissemination  of  knowledge  concerning  the  value  and  occur- 
rence of  many  of  the  rarer  minerals  are  only  a  few  of  the  questions 
that  will  arise  immediately.  An  effort  to  assist  the  prospector  will 
do  more  to  develop  the  Territory  at  this  particular  time  than  any 
other  line  of  endeavor. 

COAL  MIHIVG  IV  1916. 

The  most  important  event  in  the  Alaskan  coal  industry  in  1916 
was  the  announcement  by  the  Government  of  the  reservations  and 
leasing  units  in  the  Matanuska  and  Bering  Siver  coal  fields  and  the 
promulgation  of  rules  and  regulations  governing  the  operations  of 
mines  under  the  coal-leasing  act.  Already  a  number  of  bids  have 
been  received,  ranging  up  to  $2,000,000.  These  have  been  advertised 
in  various  periodicals  and  newspapers  for  the  required  period  and  the 
proper  length  of  time  has  been  given  for  competitive  bidders  to  place 
their  final  statements.  Owing  to  the  time  necessary  for  this  work, 
it  has  been  impossible  to  start  active  development  on  any  of  the 
leases  this  year,  so  the  only  coal  development  has  been  on  patented 
areas  and  on  the  free-use  10-acre  permits  issued  by  the  Government, 

The  Alaskan  Engineering  Commission  has  completed  the  Govern- 
ment railroad  to  the  central  part  of  the  Matanuska  coal  field,  and 
private  interests  have  undertaken  the  construction  of  a  standard- 
gage  road  from  a  point  known  as  Goose  City,  on  Controller  Bay,  to 
the  Bering  River  field. 

The  free-use  10-acre  permits,  which  apply  to  all  coal  land  outside 
the  surveyed  areas  in  the  Bering  River  and  Matanuska  coal  fields, 
have  been  freely  used  to  supply  coal  for  local  needs,  and  except  for 
the  clause  restricting  shipments  to  local  points  some  coal  would  have 
been  shipped  to  the  States  from  areas  held  under  them.    The  permits 
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provide  that  the  applicaat  may  begin  mining  coal  as  soon  as  he  has 
mailed  his  appUcation  for  the  permit  and  may  continue  work  for 
two  years  unless  his  appUcation  is  denied  by  the  General  Land  Office. 

Under  these  conditions  Wilham  Martin  made  application  in  the 
early  spring  to  mine  coal  on  Moose  Creek,  in  the  Matanuska  field. 
Before  he  could  be  advised  that  this  area  constituted  a  part  of  one 
of  the  leasing  units  his  foreman  had  driven  a  short  drift  and  taken 
out  about  100  tons  of  coal,  which  was  hauled  to  the  Willow  Creek 
district,  about  20  miles,  and  used  for  domestic  purposes  in  the  camp 
of  the  Alaska  Free  Gold  Mining  Co.,  which  is  under  lease  to  Mr. 
Martin.  Later  a  contract  was  let  to  Ohver  La  Duke  to  supply  .the 
Alaskan  Engineering  Commission  with  1,000  tons  of  coal.  His  men 
entered  the  workings  made  by  Mr.  Martin's  foreman  and  stoped  the 
coal  to  the  surface,  leaving  the  ground  in  exceedingly  poor  shape  fpr 
anyone  who  should  lease  it  at  any  future  date. 

Later  R.  G.  Doherty  was  given  a  contract  to  supply  the  conmussion 
with  2,000  tons  of  coal.  Mr.  Doherty,  who  had  discovered  a  coal  bed 
on  the  west  bank  of  lower  Moose  Creek,  about  a  mile  above  the  rail- 
road right  of  way,  opened  a  mine  described  elsewhere  in  this  repori, 
and  later  received  a  free-use  10-acre  permit  covering  the  ground,  in 
order  that  he  might  mine  and  sell  to  the  local  trade.  This  ground, 
although  within  the  surveyed  area  in  the  Matanuska  field,  was  not  a 
part  of  any  of  the  leasing  imits,  and  so  did  not  conflict  with  the  areas 
offered  for  lease.  Under  a  second  contract  Mr.  Doherty  furnished 
the  commission  with  several  thousand  tons  and  shipped  about  300 
tons  to  the  various  towns  for  local  consumption,  making  a  total  for 
the  year  of  approximately  6,000  tons. 

The  producer  ranking  next  in  point  of  tonnage  was  John  A. 
Herbert,  who  obtained  a  permit  to  mine  coal  near  Bluff  Point,  about 
14  miles  north  of  Seldovia,  on  Cook  Inlet.  Here  a  6-foot  seam  of 
lignite,  dipping  approximately  8^,  was  opened  by  a  drift  on  the  bed 
and  an  air  shaft  for  ventilation.  Both  walls  are  sandstone.  The  coal 
is  fairly  clean  and  a  good  domestic  fuel.  The  property  is  nongaseous, 
and  only  eight  men  have  been  employed  undergroimd.  The  coal  was 
shipped  to  Anchorage,  Seward,  and  Seldovia,  the  total  output  being 
1,500  tons. 

The  Happy  Valley  Coal  Co.,  also  operating  near  Bluff  Point,  made 
a  small  output,  which  was  shipped  to  Anchorage.  The  company 
applied  for  a  lease  that  it  might  ship  coal  to  the  States. 

The  Cache  Creek  Dredging  Co.  obtained  a  permit  to  mine  coal  on 
an  area  near  its  dredging  ground,  on  Cache  Creek,  in  the  Yetna 
Valley,  and  mined  about  20  tons  of  coal  a  day  during  the  dredging 
season.  The  coal  was  used  at  the  camp  on  the  dredge.  Most  of  this 
coal  was  taken  from  an  open  cut,  but  a  contract  has  been  let  to  drive 
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entries  and  an  air  shaft  this  winter,  so  that  a  supply  of  better  coal 
will  be  available  nearer  the  dredge  early  in  the  spring. 

A  small  amount  of  work  was  done  by  Harry  Dugdale,  on  the 
patented  ground  of  T.  P.  MacDonaldi  in  the  Bering  River  field,  and 
operations  were  resumed  by  the  Alaska  Petroleum  &  Coal  Co.  at  its 
patented  ground  on  Canyon  Creek.  Each  of  these  areas  contains  160 
acres. 

As  the  ground  covered  by  permits  is  widely  scattered  and  mining 
is  intermittent;  an  accurate  return  on  the  amount  of  coal  mined  dur- 
ing the  year  is  not  possible,  but  probably  the  total  production  approxi- 
mated 10,000  tons.  No  coke  was  manufactured  nor  was  any  coal 
shipped  out  of  the  Territory. 

The  following  table  shows  the  scattered  areas  covered  by  the  free- 
use  10-acre  permits: 

Tenrotrt  penniJlsfoT  mining  coal. 

Operator.  Locality. 

Raymond  W.  Silver South  shore  of  Knik  Arm,  on  Cook  Inlet. 

I.  D.  Nordyke S[achemak  Bay,  Cook  Inlet. 

Stimson  &  Heffner Eight  milee  north  of  Susitna. 

Balph  V.  AndeiBon Kachemak  Bay,  Cook  Inlet. 

George  A.  Eaterbrook Chicken  Creek,  Forty  Mile. 

Robert  Brown Waterahed  between  Koyuk  and  Eewalic  RiveiB 

(north  of  Nome). 
GeoigeWallm Eugruk  River  between  Montaiia  and   Reindeer 

Creeks  (north  of  Nome). 

Geoige  F.  Hendiicks Eootznahoo  Inlet,  Admiralty  Island. 

Cache  Creek  Dredging  Co .i.... Cache  Creek,  Yetna  Valley. 

John  A.  Herbert Bluff  Point,  Cook  Inlet. 

Fiank  Wells,  A.  0.  Wells,  and  Coal  Creek,  Chulitna  Valley. 

^  John  Coffey. 

Wm.  Knox  and  Chas.  ErutBinger..Iditarod. 

J.  R.  Uhl Eight  miles  north  of  Anchor  Point,  Cook  Inlet. 

R.  G.  Doherty Moose  Creek,  Matanuska  Valley. 

Fredrick  Brassell Lower  end  Matanuska  field,  just  outside  surveyed 

area. 

Robert  M.  Aistrop Shore,  Cook  Inlet,  24  miles  south  of  Kaisilof  River. 

William   Maitland   and    S.    L.  Carpenter  Creek,  Matanuska  field,  south  of  surveyed 
McLennan.  area. 

oovEsniEVT  eauboad. 

The  past  season  has  been  a  busy  one  for  the  Alaska  Engineermg 
Commission  which  is  building  the  Grovemment  raiL*oad  from  the 
coast  to  the  interior.  The  docks  at  Seward  were  rebuilt  after  being 
destroyed  by  fire  during  the  sprii^,  and  the  old  line  of  the  Alaska 
Northern  has  been  rehabilitated,  so  that  it  is  possible  to  get  trains 
to  Kern  Creek  although  there  still  remains  much  bridge  building  and 
trestle  work  to  be  completed  oh  this  end  of  the  line.  Raik  have 
been  laid  about  15  miles  southeast  of  Anchorage  to  Potter  Creek, 
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on  Tom  Again  Arm,  and  a  number  of  crews  have  been  employed  the 
past  winter  on  rock  work  between  this  point  and  Kern  Creek.  Track 
has  been  laid  to  the  central  part  of  the  Matannska  field  and  will  now 
be  advanced  along  the  main  line  or  by  spurs,  according  to  the  great- 
est needs  of  the  coal  operators.  From  Matanuska  Junction  some  30 
or  40  miles  of  track  have  been  laid  along  the  main  line,  and.  in  the 
Susitna  Valley  between  Montana  Creek  and  Indian  River  over  70 
per  cent  of  the  right  of  way  has  been  cleared.  The  work  at  Nenana 
has  proceeded  up  the  Nenana  to  unite  with  the  line  coming,  up  the 
Sositna  at  Broad  Pass  and  up  the  Tanana  toward  Fairbanks.  During 
the  active  part  of  the  season  the  commission  employed  approximately 
5,000  men.  Coal  has  been  shipped  from  Moose  Creek  to  Anchorage, 
the  freight  rate  being  75  cents  a  ton  in  carload  lots.  The  passenger 
rate  is  6  cents  a  mile. 

BOAD   AVD   TKAIL   BUIIDIVG. 

In  a  pioneer  country  the  maintenance  of  existing  roads,  the 
prompt  building  of  trails  to  newly  discovered  districts,  and  the  con- 
version of  these  trails  into  roads  as  the  districts  advance  are  of  the 
utmost  importance.  There  are  three  sources  of  revenue  for  the  con- 
struction and  maintenance  of  roadways  throughout  the  Territory: 
First,  the  appropriation  made  by  Congress  to  be  expended  under  the 
direction  of  the  Alaska  Boad  Commission,  which  is  managed  by  engi- 
neers from  the  United  States  Army;  second,  65  per  cent  of  the 
Alaska  fund,  composed  of  the  revenues  derived  by  the  Federal  Gov- 
ernment from  business  and  trade  licenses  outside  of  the  incorporated 
towns;  and,  third,  75  per  cent  of  the  moneys  which  the  Territory 
derives  from  the  sale  of  timber  on  the  National  Forest  Reserves.  All 
told,  these  sums  are  usually  less  than  $250,000  per  annum  and  are 
inadequate  for  a  Territory  as  large  as  Alaska. 

LABOB. 

As  a  whole  the  supply  of  labor  has  not  been  adequate,  especially 
during  the  late  summer  and  fall.  In  the  spring  there  was  a  slight 
excess  of  labor  at  the  localities  where  railroad  building  was  most 
active,  but  this  was  soon  absorbed  by  the  construction  work.  The 
high  wages  paid  to  miners  in  the  States  made  serious  inroads  on  the 
labor  supply  along  the  coast  where  the  wages  are  comparatively  low. 
Many  properties  were  short-handed  and  the  tjrpe  of  labor  available 
was  far  from  satisfactory. 

Wages  in  Alaska  are  low  in  view  of  the  cost  of  living  and  the  short 
season  of  the  interior.  Machine  men  are  paid  $3.50  to  $4  an  8-hour 
shift  along  the  coast,  the  cosib  of  board  usually  amounting  to  $1  or 
$1.25  a  day,  with  extra  fees  for  room,  medical  attention,  etc, 
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Throughout  the  interior  and  on  Seward  Peninsula  the  average  wage 
is  $5  per  day  and  board,  the  hours  varying  somewhat  in  the  diflferent 
districts,  though  most  of  the  underground  work  is  on  an  8-hour  basis. 
In  the  interior,  board  is  figured  at  $2  to  $2.50  per  day  and  on  the 
Seward  Peninsula  at  $1.25  to  $1.50  per  day.  As  most  of  the  placer 
mines  operate  less  than  six  months  of  the  year,  and  as  the  wages  then 
earned  must  be  averaged  against  a  long  period  of  inactivity,  $5  a 

day  and  board  is  poor  remuneration. 

• 

FIBST-AID  AVD   MIVE  SESCUE   TEAIHIVG. 

First-aid  and  mine  rescue  training  represent  a  difficult  problem  for 
the  mine  inspector's  office.  The  actual  work  of  inspection  is  so 
much  greater  than  what  one  man  can  accomplish  that  little  time  is  left 
for  giving  men  this  much-needed  training.  During  the  stormy  season 
in  the  winter,  when  travel  is  difficult,  the  inspector  has  utilized  as 
much  time  as  possible  in  assisting  in  training  the  miners  of  the  Juneau 
district  in  mine  rescue  and  first-aid  work. 

The  following  report  of  the  first-aid  contest  on  July  4,  1916,  is 
taken  from  The  Gold  Bar,  the  official  safety  magazine  of  the  Alaska 
Treadwell  Gold  Mines  Co.: 

At  8  o'clock  the  next  moming  (July  4)  the  second  annual  first-aid  contest  was  held 
on  Treadwell  Field,  with  entries  from  the  Treadwell,  Mexican,  Ready  Bullion,  and 
Alaska-Juneau  mines.  The  contest  was  judged  by  Drs.  Sloane,  of  Juneau ;  Soigent,  of 
Douglas;  Midford  and  Ellis,  of  Treadwell.  The  two-man  and  two-team  events  were 
given.  First  place  was  won  by  AlaskanJuneau,  under  the  leadership  of  Capt.  Monte 
Benson,  with  a  score  of  99  per  cent.  Treadwell,  captained  by  C.  R.  Homer,  and  the 
Ready  Bullion,  captained  by  John  Olsen,  tied  for  second  place,  both  scoring  961  P^r 
cent.  The  Mexican,  captained  by  Charles  Hall,  was  close  in  their  wake  with  95§  per 
cent.  All  the  teams  are  to  be  complimented  on  their  excellent  work,  especially  as 
each  score  sheet  bore  this  legend:  "When  in  doubt,  dock.'' 

Aside  from  its  humane  aspects,  first  aid  has  amply  aemonstrated 
its  cash  value  in  this  district.  To  state  accurately  the  amount  of 
this  saving  is  impossible,  as  no  one  can  determine  the  time  an  injured 
man  would  have  spent  in  the  hospital  had  he  not  received  first-aid 
treatment.  As  the  Territorial  act  directs  that  the  compensation 
paid  by  the  employer  varies  directly  with  the  length  of  time  the 
injured  man  is  incapacitated,  it  is  greatly  to  the  advantage  of  the 
employer  to  see  that  the  latter  is  given  the  best  of  treatment. 

The  Territorial  act  fixes  the  employer's  liability  for  fatal  accidents 
to  married  men  at  $3,000  and  $6,000,  the  amoimt  varying  with  the 
number  of  dependents.  On  this  basis  the  saving  of  one  life  repre- 
sents a  minimum  saving  of  $3,000.  The  records  show  that  recently 
several  men  overcome  by  powder  fumes  have  had  their  lives  saved 
by  the  prompt  application  of  artificial  respiration.  During  the  past 
five  years  the  application  of  artificial  respiration  has  saved  the  dis- 
trict iuunediately  tributary  to  Juneau  at  least  $50,000  in  direct  sums. 
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Had  these  men  died  the  commuiuty  would  have  suffered  an  economic 
loss,  and  the  operators  would  have  had  to  pay  out  lazge  sums  in 
compensation. 

The  need  of  mine  rescue  apparatus  and  training  may  not  be  so 
apparent  to  the  casual  observer  as  the  need  eft  training  in  first  aid. 
However,  in  the  low-^rade  gold  mines  of  the  Juneau  district  poor 
ventilation  in  the  long  raises  has  been  responsible  for  many  deaths 
that  might  have  been  prevented  by  the  proper  use  of  self-contained 
breathing  apparatus.  As  a  specific  example,  the  accident  to  Ole 
Roen  (Table  1,  p.  62)  in  the  AlaskarJuneau  mine,  on  September  6, 
1916,  may  be  cited.  Roen  was  working  for  a  contractor  who  was 
driving  several  inclined  raises,  and  with  his  partner,  Ernest  Larson, 
went  on  shift  shortly  after  7  o'clock  in  the  evening.  The  com- 
pressed-air pipe,  the  only  means  of  ventilating  the  raise,  was  blocked 
by  some  dirt  in  the  nozzle,  and  the  raise  was  full  of  powder  gases  fron^ 
the  blasting  of  a  previous  shift.  When  the  partners  were  about  160 
feet  up  the  raise  the  air  became  so  bad  that  they  turned  back,  but 
Roen  became  unconscious  when  he  reached  the  100-foot  point  and 
slid  onto  the  footwall  with  his  feet  against  the  ladder.  Larson 
reached  the  foot  of  the  raise  and  notified  several  men,  who  tried  again 
and  again  to  reach  the  imconscious  man.  Their  efforts  were  success- 
ful after  three  of  them  had  been  overcome  by  gas,  one  falling  into  the 
waste  pocket  and  injuring  his  hip.  All  the  unconscious  men  were 
given  artificial  respiration,  but  Roen  had  been  in  the  gas  too  long  and 
never  regained  consciousness.  The  total  result  of  this  accident  was 
one  man  killed,  one  in  the  hospital  with  an  injured  hip  and  suffering 
from  the  effects  of  gas,  two  others  in  the  hospital  suffering  from  the 
effects  of  the  gas,  and  a  temporarily  disorganized  crew.  All  this 
could  have  been  prevented  by  a  properly-trained  man  wearing 
breathing  apparatus.  The  financial  loss  in  this  one  accident  would 
have  more  than  covered  the  cost  of  equipping  the  mine  with  such 
apparatus. 

At  practically  all  of  the  large  mines  throughout  the  Territory  com- 
petent physicians  are  employed,  and  at  some,  notably  the  Alaska 
TreadweU,  an  effort  has  been  made  to  drill  the  men  in  first-aid  meth- 
ods.   These  attempts,  however  sincere,  are  more  or  less  spasmodic. 

■EKIT   SATIVG  FOB  MIVE  IVSITSANCE. 

For  several  years  the  companies  operating  the  large  low-grade 
gold  mines  of  the  coast  have  enjoyed  a  particularly  favorable  insur- 
ance rate  ($2.75  per  $100  pay  roll)  in  spite  of  the  fact  that  the  Terri- 
torial compensation  is  larger  than  the  average  paid  in  the  States. 
At  the  dose  of  1916  two  of  the  largest  mines  had  their  insurance 
withdrawn  by  the  insurance  companies  on  accoimt  of  the  number 
of  accidents;  and  were  offered  new  insurance  at  a  rate  that  would 
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have  increased  their  premituns  nearly  $50,000  annuaUy.  It  is  not 
possible  to  say  that  the  original  rate  cotild  have  been  retained,  but  the 
higher  rate  represents  a  material  loss  to  the  stockholders.  Had  the 
men  been  carefully  trained  in  first  aid,  had  the  mines  been  equipped 
with  rescue  apparatus,  and  had  a  competent  safety  engineer  been 
empowered  to  carry  out  a  comprehensive  plan  of  accident  preven- 
tion, it  is  probable  that  the  corporations  would  still  be  enjoying  a 
favorable  insurance  rate. 

The  merit  rating  of  mines  for  insurance  rates  has  been  adopted 
in  the  larger  mining  centers  of  the  East,  arrangements  are  being  per- 
fected for  its  introduction  in  California,  and,  sooner  or  later^  it  is 
bound  to  come  to  Alaska.  The  accident  ratio  in  Alaska  is  fairly 
high  and  there  is  no  reason  why  it  can  not  be  materially  reduced  if 
the  operators  give  more  attention  to  the  study  of  accidents.  A  care- 
ful investigation  of  all  accidents  would  soon  lead  to  measures  for 
their  prevention  and  automatically  reduce  the  rate  to  a  point  where 
the  corporations  would  bo  warranted  in  applying  for  more  favorable 

insurance  rates. 

COST   DATA. 

Conditions  in  the  Territory  are  so  variable  that  mining  costs  have 
a  wide  range.  The  different  items  vary  with  the  seasons,  and  in 
order  to  reduce  costs  to  the  minimum  the  outlay  for  mining  and  for 
the  transportation  of  supplies  must  be  spread  over  a  period  of  years 
in  order  to  take  advantage  of  climatic  conditions. 

The  record  for  low  costs  for  lode  mining  in  the  Territory  is  held  by 
the  Alaska  Gold  Mines  Co.,  its  annual  report  giving  $0.69039  a  ton 
as  the  total  cost  of  mining  and  milling.  These  figures  are  possible 
only  at  a  property  favorably  situated  with  regard  to  transportation 
and  labor  conditions  and  handling  an  extremely  lai^e  tonnage.  At 
several  of  the  best-managed  lode  mines  in  the  Fairbanks  district  the 
costs  range  between  $15  and  $20  per  ton. 

In  estimating  costs  in  placer  mining  the  customary  unit  of  measure- 
ment is  the  square  foot  of  bedrock  cleaned.  On  the  Seward  Penin- 
sula the  cost  of  working  the  drift  mines  in  frozen  ground  ranges 
upward  from  35  cents  a  square  foot  of  bedrock,  according  to  the 
nature  of  the  ground  and  the  location  of  the  claim.  Near  Fairbanks 
it  is  somewhat  higher.  On  a  claim  typical  of  the  deep  ground  of 
that  district,  the  cost,  including  overhead  expense,  amounted  to  90 
cents  a  square  foot.  Here  the  bedrock  was  a  comparatively  soft 
schist,  the  ground  was  frozen,  the  gravel  of  medium  size  with  no 
large  bowlders,  and  the  depth  about  180  feet.  In  working  the  ground 
about  1 J  feet  of  bedrock  was  taken  up  and  3  or  4  feet  of  gravel  was 

mined. 

About  the  same  conditions  govern  dredging  costs,  though  much 
depends  on  whether  the  gravel  is  frozen  or  not,  and  in  frozen  ground 
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the  cost  may  vary  considerably  because  of  careful  or  careless  thawing. 
On  the  Seward  Peninsula^  where  cmde  oil  is  available  for  fuel,  thaw- 
ing costs  12j^  to  15  cents  a  cubic  yard.  In  the  Iditarod,  where  wood 
is  used  for  fuel,  thawing  costs  may  range  from  37^  to  60  cents  a  cubic 
yard.  The  cost  of  dredging,  including  amortization  and  deprecia- 
tion but  not  including  thawing,  for  the  entire  Territory  will  probably 
average  approximately  25  cents  a  cubic  yard  or  more. 

To  insure  maximum  efficiency  in  handling  frozen  groimd  the  thaw- 
ing points  should  be  carefully  placed  with  regard  to  the  kind  of  mate- 
rial to  be  thawed.  Also  the  thawed  ground  should  be  allowed  to 
stand  a  month  or  two  before  the  dredge  reaches  it  to  assure  the  full 
benefit  of  the  heat. 

The  principal  items  of  cost  are  labor,  food,  fuel  and  freight.  Miners 
in  southeastern  and  southwestern  Alaska  receive  $3.50  to  $4.50  a  day; 
in  the  interior  and  on  the  Seward  Peninsula,  $5  a  day  and  board.  The 
costs  of  boarding  men  in  southeastern  and  southwestern  Alaska  is 
figured  at  $1  to  $1.25  per  day;  on  the  Seward  Peninsida,  at  $1.25  to 
$1.50;  and  in  the  interior,  at  $2  to  $2.50;  but  it  necessarily  varies 
with  the  size  of  the  crew. 

In  southeastern  Alaska,  companies  buying  comparatively  laige  lots 
of  fuel  pay  about  $6  per  ton  (2,000  pounds)  for  coal  and  $1  a  barrel 
for  oil  at  tidewater;  on  Prince  William  Sound,  $9  a  ton  for  coal  and  $2 
a  barrel  for  oil;  at  Nome,  $15  a  ton  for  coal  and  $2.50  a  barrel  for  oil; 
at  Fairbanks  wood  is  $12  to  $16  a  cord  deUvered.  Such  prices  will 
imdoubtedly  be  materially  lower  when  the  Government  railroad  is 
completed  and  coal  and  oil  from  Alaskan  fields  are  available. 

In  the  following  tables  of  freight  rates,  2,000  pounds  or  40  cubic 
feet  are  considered  a  ton.  It  is  the  practice  to  charge  by  weight  or  by 
bulky  according  to  which  basis  will  yield  the  greater  profit  to  the  carry- 
ing company.  On  extra  heavy  pieces  an  excess  chaige  is  made. 
Full  details  of  local  freight  rates  can  not  be  given  because  of  variations 
at  different  places  and  in  different  seasons,  but  the  following  tables 
indicate  the  rates  to  the  larger  centers: 

Freight  raUs^  per  toUj/rom  San  FraneiscOt  Seattle^  cr  Tacoma, 

[Tan— 2,000  pounds  or  40  cubic  feet.] 


Destination. 

General 
rate. 

Coal. 

Mining  ma- 
chinery.a 

High  ex- 
plosives. 

AndrflBfelri 

128.00 

30.00 
50.00 
42.00 
66.00 
50.00 
55.00 
57.00 
80.00 

General 
.  rate. 

....do 

General 
rate. 

. . .  .do..... . 

General 

Hanhall 

rate  plus 
lOOper 
cent. 
Do. 

THWtmaii , 

...  .do...... 

...  .do.... . . 

Do. 

Ruby 

— do 

....do..... . 

— do 

....do 

Do. 

Fair  oanks 

Do. 

Rampart 

.  ...do..... . 

....do 

Do. 

Circle. 

..^.do 

...  .do.... . . 

•  ...do 

....do 

-  Do. 

Eaele 

Do. 

T*«ttlf»   . . .  .    

....do 

....do 

Do. 

a  Extra  charge  for  pieces  weighing  over  2,000  pounds. 
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Freighi  roiet,  per  ton,  for  euarload  lotij/rcm  Seattle  or  Tacoma. 

|Ton«i2,OQD  pauods  or  40  cataic  feet.) 


DestinatUv. 

General  1      ^^ 
rate.     1      ^'*™' 

lOningma- 
clktziar7.a 

Bi|;hex- 
ploBTes. 

Nome 

$15.50 
15.50 
16.50 
12.50 
14.00 

$12.00 

12.00 

8.50 

0.50 

0.00 

$15.00 
15.00 
10.00 
12.50 
13.00 

t^On 

Rt.  MichnH 

32.00 

Goloivinfr 

27.ao 

TeUerfr 

32.00 

Peering  ^ 

35.00 

a  No  afngle  piece  mlgliiBK  orer  8,000  pounds,  per  ton,  weight  or 
fr  Does  not  mdude  Ughtenge. 

Freight  rates,  per  ton,  from  Seattie  or  Taooma. 
(Ton— 2,000  pounds  or  40  cubic  feet.] 


destination. 

General 
dise. 

Coal. 

MarJiin- 
ery.« 

Hlldi 
exploiivcs. 

16.50 
0.50 

7.50 

8.50 
10.00 

12.50 

14.00 
14.50 
17.60 
16.60 
16.50 

^$8.00 
^4.00 

»X00 

&3.50 
^4.00 

<I7.00 

ii&OO 
48w00 

<iiaoo 

do.  00 
(i  11.00 

$6.50 
0.50 

7.50 

8.50 

laoo 

12.50 

14.00 
14.50 
17.50 
16.50 

17.60 

tnoo 

(hilnr 

22.00 

WrsPffel- .  r . 

Petersburg 

Douglas ,  .                , 

17.00 

Juneau 

Treadwell 

Bkagway 

2100 

fttB!?..::::::::::. :.:...:...:.:.::.::::.:::::::::::::: : 

22.50 

Ellamar ." 

Cordova. 

Lfttouche. .... 

20.50 

Valdes 

Seward 

Seldovia 

21 OD 

iTnllr  Anchnrage  e.     ..... , 

23.00 

33uSD 

K^yiiak- .. 

3D.  SO 

AddoUo 

37.9 

*^lrJr^*»''*  •••.•••.. -• 

a  Extra  charge  for  pieces  over  4,000  pounds, 
fr  In  bulk  on  irei^t  boats  at  owner's  risk. 


c  Does  not  indude  li^terege. 
din  sacks. 
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SOTTTHEASTEBK  ATiAflKA, 


JUNEATT  DISTEIOT, 


ADMIRALTY  ALASKA  GOLD  MINING  CO. 


The  company  is  developing  a  group  of  52  lode  claims  on  the  south 
shore  of  Funter  Bay,  on  Admiralty  Island.  As  the  claims  had 
been  worked  previously  by  several  organizations  considerable  work 
was  done  at  scattered  points.  Several  crosscuts  have  been  driven  to 
tap  the  ore  bodies  and  a  shaft  sunk  110  feet.  From  one  crosscut 
drifts  were  run  for  about  150  feet  on  the  ore  and  the  vein  stoped  to 
surface,  approximately  75  feet.  The  ore  was  crushed  in  two  Fulton 
five-stamp  batteries. 

The  mill  has  been  rehabilitated  and  the  company  plans  to  develop 
the  known  ore  bodies  and  to  drive  a  crosscut  at  the  base  of  the  hill 
to  tap  several  veins  exposed  on  the  surface. 
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ALASKA.  GOLD  MINES  CO. 

The  Alaska  Oastineau  Mining  Co.,  which  works  the  Perseverance 
mine  in  Silver  Bow  Basin,  about  4  miles  from  Juneau,  is  the  operat- 
ing company  for  the  Alaska  Gold  Mines  Co.  The  ore  is  in  an  enormous 
fissured  zone  of  slate  and  metagabbro  cemented  by  a  network  of 
quartz  lenses  and  veinlets.  The  mine  was  first  opened  by  what  was 
known  as  the  Gilbert  workings,  the  present  fifth  level,  and  later  by  a 
1,400-foot  crosscut,  known  as  the  Alexander  crosscut,  approximately 
1,000  feet  below  the  Gilbert  workings.  When  the  Alaska  Gold  Mines 
Co.  assumed  control  plans  were  made  for  extensive  development. 
The  shaft,  with  stations  at  every  200  feet,  was  simk  from  the 
Alexander  crosscut  to  the  thirteenth  level,  and  the  development  of 
the  previously  opened  levels  (200  feet  apart)  between  the  Alexander 
crosscut  and  the  Gilbert  workings  continued.  A  12,000-foot  tunnel 
was  driven  from  Sheep  Creek  to  connect  with  the  bottom  of  the  shaft 
and  a  system  of  oreways,  raises,  and  stopes  driven  to  permit  the 
rapid  handling  of  an  enormous  tonnage. 

The  stopes  are  worked  on  a  full-breast  shrinkage  system,  just 
enough  ore  being  drawn  to  give  headroom  for  the  machines.  Pillars 
are  left  at  varying  intervals.  The  ore  is  cut  out  along  the  footwall 
of  the  stope  and  caves  from  there  to  the  hanging  wall  with  little 
additional  blasting.  From  the  stopes  the  ore  passes  over  grizzhes 
into  the  chutes,  the  oversize  being  '^bulldozed"  in  bulldoze  chambers. 
From  the  stope  chutes  the  ore  runs  into  4-ton  cars,  of  the  Granby 
seK-dumping  type,  which  storage-battery  motors  haul  to  the  main 
oreways.  From  the  oreways  the  ore  goes  on  10-ton  cars,  hauled 
by  electric  motors,  to  the  mill  6,000  feet  from  the  portal  of  the  tunnel. 

The  miU  was  designed  to  treat  6,000  tons  of  ore  a  day,  but  is  capable 
of  handling  25  to  50  per  cent  more.  The  cars  are  dumped  four  at 
a  time  by  a  revolving  tipple,  the  oversize  from  the  grizzhes  going 
through  gyratory  and  jaw  crushers  to  unite  with  the  undersize  in 
a  10,000-ton  storage  bin  cut  in  solid  rock.  From  this  bin  a  belt 
conveyor  takes  the  ore  to  the  mill  and  a  second  conveyor  distributes 
it  to  the  ore  bins.  From  the  bins  the  ore  passes  to  large  rolls  and 
impact  screens,  the  oversize  being  returned  by  automatic  self-dump- 
ing skips  to  the  first  set  of  mill  bins  and  the  undersize  passing  to 
a  second  set  of  bins  to  be  drawn  into  smaller  rolls  and  impact  screens, 
also  set  in  a  closed  circuit.  The  dry  pulp  from  the  last  bins  is  con- 
centrated on  double-deck  Garfield  tables,  reground  in  tube  mills 
and  passed  to  Wilfley  tables,  the  concentrate  going  to  the  retreat- 
ment  plant.  One  of  the  noteworthy  features  of  the  mill  is  the  inde- 
pendence of  each  tmit,  the  bins  being  so  arranged  that  the  stoppage 
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ef  one  part  of  the  mill  does  not  affect  another  until  the  bins  in  between 
are  empty. 

Power  for  the  mine  and  mill  is  obtained  from  several  sources.  At 
the  mine  a  small  hydroelectric  plant  is  driven  by  the  water  of  Grold 
and  Survey  Creeks,  and  a  large  reservoir  and  hydroelectric  plant  have 
been  constructed  on  Salmon  .Creek,  about  4  miles  from  Juneau. 
The  dam  is  of  a  radial  arch  type,  165  feet  in  height  and  720  feet  in 
length  along  the  crest.  The  reservoir  permits  the  deUvery  of  6,000 
hp.  the  year  arotmd.  Another  plant,  now  imder  construction  on 
Annex  Creek,  a  tributary  of  Taku  Inlet,  will  have  an  initial  capacity 
of  4,000  and  an  ultimate  capacity  of  12,000  hp. 

ALASKA  aOLD  BBI/T  MININO  CO. 

The  company  is  developing  the  Nelson-Lott  group  of  claims^  at 
the  head  of  Sheep  Creek  Basin,  about  5  miles  southeast  of  Juneau. 

ALASKA  JX7NBAU  GOLD  MTNTNG  CO. 

The  Alaska  Juneau  mine  is  in  Silver  Bow  Basin,  about  2  miles 
from  Juneau,  and  is  under  the  same  management  as  the  Treadwell 
mines  on  Douglas  Island.  The  groimd  embraces  29  patented  and 
88  unpatented  lode  claims  as  well  as  24  mill  sites. 

The  ore  lies  in  a  shear  or  fracture  zone  that  forms  an  unusually 
broad  lode  but  is  cut  by  the  Silver  Bow  fault  so  as  to  make  two  main 
ore  bodies,  known  locally  as  the  north  and  the  south.  The  shear 
zone  passes  through  slate  and  metagabbro  and  is  traversed  by  a  net- 
work of  quartz  lenses  and  stringers;  its  average  commercial  width 
is  about  400  feet,  but  its  limits  have  not  been  determined.  It 
strikes  N.  60^  W.  and  dips  60^  NE.  The  strike  of  the  Silver  Bow 
fault  is  N.  80^  E.,  the  dip  TO""  NW.,  and  the  throw  approximately 
2,000  feet. 

In  early  development  work  the  ore  was  mined  in  a  glory  hole  on 
the  side  of  the  mountain,  drawn  through  an  adit  below  and  treated 
in  a  30-stamp  mill  that  could  rim  only  a  short  time  in  summer  months, 
because  of  the  amount  of  snow  in  the  pit  and  the  scarcity  of  water. 
When  the  grade  of  the  ore  proved  to  be  satisfactory,  the  Gold  Creek 
tunnel  was  driven  to  tap  both  ore  bodies  and  connections  were  naade 
with  the  surface;  subsequent  development  was  from  these  openings. 
This  timnel  with  its  branches  constitutes  the  main  haulage  way,  and 
is  designated  as  the  fourth  level,  its  portal  having  an  elevation  of 
450  feet.  From  the  portal,  a  tram,  which  passes  through  several 
short  tunnels,  has  been  constructed  along  the  hillside  above  Juneau 
and  the  ore  from  the  development  is  treated  in  a  pilot  mill  just  south 
of  the  city.  In  1916  contracts  were  let  for  a  mill  with  a  capacity  of 
6,000  to  8,000  tons  in  24  hours.  This  mill,  on  a  site  adjacent  to  the 
pilot  plant,  will  be  completed  early  in  1917. 
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The  south  ore  body  is  opened  by  the  No.  1  raise  from  the  fourth 
level  with  the  third  and  second  levels  above,  the  difference  in  eleva- 
tion between  levels  being  250  feet.  The  raise  starts  6,600  feet  from 
the  portal  of  the  tunnel,  is  760  feet  long,  and  is  driven  upward  on  a 
slope  of  50^.  On  No.  2  level  drifts  and  crosscuts  have  been  run  to 
explore  the  ore  body  and  connections  are  made  with  the  surface. 
A  little  stoping  has  been  in  progress,  but  for  the  present  the  bulk  of 
the  mill  feed  from  the  south  ore  body  will  come  from  the  glory  hole 
on  the  surface.  The  ore  ways  extend  from  the  cut  to  the  fourth  level 
with  bulldozing  chambers  imder  the  pit,  where  all  large  pieces  of 
rock  will  be  broken  before  they  enter  the  main  chutes. 

On  the  north  ore  body  No.  2  raise  was  driven  from  the  fourth  level 
and  connection  made  to  the  surface  by  a  350-foot  adit.  From  this 
raise  the  intermediate  third,  second,  first,  0,  and  00  levels  have  been 
driven.  The  raise,  8  by  14  feet  in  the  clear  with  two  compartments,  is 
1,520  feet  long  and  slopes  upward  56°.  The  main  levels  are  all 
250  feet  apart  vertically,  the  intermediate  being  50  feet  above  the 
fourth.  On  the  second,  third,  intermediate,  and  fourth  levels  drifts 
have  been  driven  roughly  paralleling  the  fault  and  from  100  to  150 
feet  apart.  On  the  fourth  level  are  chutes  with  buUdozing  chambers 
at  the  top  every  42  feet  to  the  intermediate;  from  the  chutes  are 
openings  into  the  main  stope  which  is  approximately  240  feet  wide 
and  800  feet  long.  These  chutes  are  fitted  with  6-foot  arc  gates  and 
will  be  covered  with  heavy  grizzlies  to  prevent  large  slabs  from 
f aUing  in  and  blocking  them.  Above  the  intermediate  level  are  raises 
approximately  100  feet  apart  and  roughly  parallel  to  the  Silver  Bow 
fault  and  the  footwall  that  extend  to  ^e  third  and  second  levels. 
From  these  raises  are  driven  the  powder  drifts,  30  to  50  feet  long  and 
differing  about  30  feet  in  elevation.  Several  of  these  drifts  just 
above  the  intermediate  level  have  been  shot  with  excellent  results, 
and  tmless  some  imforeseen  difficulty  appears,  this  method  of  break- 
ing the  ore  will  be  used  to  the  surface. 

Direct  current  at  550  volts  is  used  for  all  electric  haidage.  At 
present  this  current  is  purchased,  but  an  oil-burning  steam  plant 
under  construction  on  the  beach  will  soon  be  ready  to  dehver  current. 
The  distance  from  the  portal  of  the  Gold  Creek  tunnel  to  the  mill  is 
6,200  feet  and  the  trains  over  the  main  line  will  be  made  up  of  thirty 
or  forty  12-ton  cars.  A  30-inch  track  gage  is  used,  with  50-pound 
rails  on  the  main  and  40-pound  rails  on  the  branch  lines.  The  haul- 
age motors  comprise  three  9-ton  General  Electric,  one  5^-ton  Jeffrey, 
two  18-ton  Westinghouse,  each  made  up  of  two  9-ton  articulated 
units,  and  two  5i-ton  storage-battery  locomotives. 

Plate  I  shows  the  fiow  sheet  of  the  8,000-ton  mill  now  under  con- 
struction. This  fiow  sheet,  of  course,  will  be  subject  to  any  modifica- 
tions that  may  be  demanded  when  crushing  begins. 
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ALASKA  PBBBLEB8  GOLD  MINING  GO. 

The  company  is  opening  a  group  of  three  lode  claims,  about  2  miles 
from  the  beach  at  Windham  Bay.  The  ore,  which  strikes  S.  70°  E. 
and  dips  approximately  67"^  SW.,  has  been  opened  by  two  tunnels, 
one  70  and  one  175  feet  long.  The  company  plans  to  put  in  an  air 
compressor  and  a  power  plant  this  spring. 

ALASKA  TRKADWELL  GOLD  MINING  CO. 

The  Treadwell  group  of  mines  is  situated  on  the  northeast  side  of 
Douglas  Island,  across  Gastineau  Channel,  and  about  2}  miles  south- 
east from  Jimeau.  The  group  consists  of  four  mines — the  Treadwell, 
the  Seven  Hundred,  Mexican,  and,  after  a  2,000-foot  interval,  the 
Ready  Bullion.  The  four  mines  are  operated  by  three  separate 
companies,  but  steps  have  been  taken  toward  the  consolidation  of 
the  different  groups  under  one  corporation  and  they  may  be  con- 
sidered as  one  enterprise.  The  Alaska  Treadwell  Gold  Mining  Co. 
operates  the  Treadwell  mine,  the  Alaska  Mexican  Gold  Mining  Co. 
the  Mexican  mine,  and  the  Alaska  United  Gold  Mining  Co.  the  Ready 
Bullion  and  Seven  Himdred  mines.  - 

The  ore  on  Douglas  Island  is  in  two  distinct  dikes  of  albite-diorite^ 
a  deep-seated  intrusive  rock  related  to  the  granites,  that  form  the 
backbone  of  the  coast  range  of  mountains. 

This  rock  has  been  considerably  altered  and  is  traversed  by  a 
network  of  quartz  lenses  and  stringers.  The  dikes  have  a  hanging 
wall  of  metagabbro,  also  called  greenstone,  and  a  footwall  of  black 
slate.  The  ore,  which  contains  occasional  horses  of  schist,  has  a 
general  strike  of  N.  60®  W.  and  an  average  dip  of  60*^  NE.  The 
larger  of  the  two  dikes  forms  the  ore  body  of  the  Treadwell,  Seven 
Hundred,  and  Mexican  mines;  the  smaller,  about  2,000  feet  south- 
east of  the  Treadwell-Mexican  dike,  furnishes  that  of  the  Ready 
BuUion.  Along  the  Treadwell  dike  the  ore  is  40  to  400  feet  wide 
and  along  the  Ready  Bullion  90  to  270  feet. 

At  first  the  ore  was  blasted  into  glory  holes,  drawn  out  on  leveb 
below,  hoisted  to  the  surface,  and  sent  to  the  mills.  The  varying 
width  of  the  ore  bodies  necessitated  resort  to  imderground  mining 
at  different  depths,  so  that  the  levels  in  the  diflferent  properties  were 
not  driven  at  hko  elevations,  but  below  the  750-foot  level  the  Tread- 
well, Seven  Hundred,  and  Mexican  constitute  practically  one  mine. 
A  long  drift  on  the  1,100-foot  level  connects  these  properties  with  the 
workings  of  the  Ready  Bullion.  The  Treadwell,  Seven  Hundred, 
and  Mexican  properties  have  been  opened  by  vertical  shafts  with 
levels  at  intervals  varying  from  110  to  200  feet. 

The  Seven  Hundred  shaft,  after  being  enlarged  to  4  compartments 
7  feet  2  inches  by  22  feet  in  the  clear,  to  the  2,700-foot  level,  was 
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renamed  the  Central  shaft  and  a  new  hoist  and  coarse-crushing 
plant  erected.  During  the  past  year  the  work  of  enlarging  and 
sinking  the  Mexican  shaft,  which  will  be  known  as  the  Combination, 
began.  This  shaft,  when  completed,  will  be  7  feet  8  inches  by  31 
feet  4  inches  over  the  timbers  and  have  &ve  compartments.  From 
the  Central  shaft  drifts  hare  been  started  on  the  2,500  and  2 JOO 
foot  levels,  the  lowest  developed  level  at  present  being  the  2,300- 
foot.  From  the  1,750  to  a  point  below  the  1,950-foot  level  is  a  lean 
streak  in  the  ore  body,  and  a  300-foot  floor  pillar  has  been  left  from 
the  1,750-foot  level  to  the  backs  of  the  stopes  on  the  2,100-foot  level. 
The  only  openings  between  these  levels  are  the  raises  for  ventilation. 
At  the  Ready  Bullion  a  new  4-compartment  shaft,  driven  upward  at 
an  angle  of  70®  from  the  2,400-fdot  level,  will  not  only  save  long 
crosscuts  on  the  dijfferent  levels  but  will  facilitate  hoisting  and  venti- 
lation. Levels  in  the  part  of  the  mine  now  worked  are  all  200  foet 
apart  vertically. 

Mining  is  by  tne  shrinkage  system,  or  back-stoping  in  ore-filled 
stopes.  Levels  are  driven  from  the  shafts  at  intervals  of  about  200 
feet  vertically,  and  sublevels  are  driven  25  feet  above.  Bulldozing 
chambers  are  opened  along  the  sublevels  and  the  stopes  the  full 
width  of  the  ore  and  from  60  to  100  feet  wide  are  cut  25-foot  pillars, 
in  which  the  manways  are  driven  between  levels,  being  left  between 
stopes.  Chute  raises  are  driven  from  the  main  to  the  sublevels; 
through  the  latter  enough  ore  is  drawn  to  keep  the  ore  about 
7  feet  from  the  back.  In  the  bulldozing  chambers  on  the  sub- 
levels  all  the  larger  slabs  are  blasted  for  easy  handling  in  the  cars 
on  the  main  levels.  After  a  stope  is  finished  the  ore  is  drawn  and 
the  pillars  allowed  to  cave.  The  ore  is  trammed  from  the  chutes  to 
pockets  at  the  shaft  in  two-ton  cars,  hauled  by  horses,  storage- 
battery  locomotives,  gasoline  locomotives,  or  tail-rope  systems. 
From  the  pockets  at  the  several  shafts  the  ore  runs  into  skips;  then 
it  is  hoisted  to  the  surface,  is  dumped  automatically  over  grizzlies, 
passes  through  gyratory  crushers  to  ore  bins,  and  goes  thence  to  the 
various  mills. 

The  fine-crushing  plant  consists  of  five  mills  with  a  total  of  960 
stamps,  and  has  a  capacity  of  approximately  5,000  tons  of  ore  in 
24  hours.  The  crushed  ore  is  concentrated  on  Frue  vanners,.  all 
amalgamation  plates  having  been  removed  during  the  past  year. 
The  concentrates,  about  100  tons  a  day,  are  treated  in  the  cyanide 
plant  which  contains  the  bullion  refinery.  The  ore  fed  to  the  stamps 
is  ground  to  pass  a  3-inch  ring  and  is  crushed  to  20  mesh  before  going 
to  the  vanners.  The  stamps  weigh  1,240  poimds,  fall  100  times  per 
minute,  and  drop  9  inches.  At  the  cyanide  plant  the  treatment 
comprises  regrinding  in  cyanide  solution  in  tube  mills,  agitation  in 


Pachuca  tanks,  filtering,  precipitating  the  gold  in  filter  presses,  and 
refining  the  bullion. 

Power  is  obtained  from  four  sources.  The  original  and  cheapest 
source  is  water  power  from  impulse  wheels  at  the  various  mills  and 
compressors.  This  water  is  coUected  on  Douglas  Island  by  a  system 
of  dams,  canals,  ditches  and  pipe  lines,  extending  from  Fish  Creek, 
14  miles  northwest  of  TreadweU,  to  Ready  Bullion  Creek,  3  miles 
southeast.  During  the  wet  season  the  supply  is  over  4,000  horse- 
power. In  1910  the  policy  of  electrifying  the  power  system  was 
begun  and  as  a  result  the  Sheep  Creek  hydroelectric  plant,  a  flood- 
water  plant  having  a  capacity  of  2,500  kilowatts,  and  the  Nugget 
Creek  plant,  having  a  capacity  of  3,000  kilowatts,  were  constructed. 
These  plants  are  on  the  mainland,  the  Sheep  Creek  plant  being  4 
miles  southeast  of  Juneau,  and  the  Nu^et  Creek  plant,  at  the  foot 
of  Mendenhall  Glacier,  12  miles  northwest  of  Jimeau. 

The  fourth  source  is  steam-generated  electric  power  from  a  central 
power  plant  at  TreadweU.  This  plant  contains  four  generators, 
each  directly  connected  to  a  steam  turbine,  running  at  3,600  r.  p.  m. 
This  plant  is  used  when  the  power  supply  from  the  hydroelectric 
plants  fails  and  has  a  capacity,  when  the  power  is  taken  at  TreadweU, 
equal  to  both  hydroelectric  plants.  Direct  steam  power  is  being 
eUminated  wherever  possible  about  the  mines  and  miUs.  California 
crude  oil  is  used  under  aU  boilers  for  generating  steam  power  or  heat. 
The  oil  is  brought  north  in  tank  ships  and  is  stored  in  eight  tanks  at 
TreadweU,  which  have  a  capacity  of  180,000  barrels.  The  annual 
consumption  of  oil  is  a  Uttle  more  than  200,000  barrels. 

Under  the  general  supervision  of  the  company,  an  association, 
known  as  the  TreadweU  Club,  is  maintained  for  the  recreation  of  the 
men.  A  building  56  feet  wide  by  206  feet  long  contains  a  reading 
room  supphed  with  newspapers  and  magazines  from  aU  over  the 
world,  a  pool  and  biUiard  room,  cigar  and  candy  stand,  bowUng  aUep, 
an  auditoriiun  with  a  seating  capacity  of  500,  and  lavatories.  In 
addition  there  are  a  natatorium  containing  a  swimming  pool  30  by 
70  feet,  tub,  shower,  and  steam  baths,  and  an  athletic  field,  tennis 
and  handbaU  courts.  The  dues  of  $1  a  month  entitle  the  members 
to  aU  the  privileges  of  the  club  and  free  admission  to  the  enter- 
tainments. 

ALASKA  TRXA8URE  MINE. 

Only  assessment  work  was  done  during  the  year  at  this  lode  gold 
mine,  locaUy  known  as  the  Nevada  Creek  property,  on  Douglas 
Island,  about  3  miles  southeast  of  TreadweU.  In  the  early  develop- 
ment a  20-stamp  mill  was  built  near  the  outcrop,  but  five  of  the 
stamps  have  been  moved  near  the  beach,  where  a  long  crosscut  has 
been  driven  to  the  ore,  and  it  is  planned  to  use  the  five  stamps  to 
sample  the  ore  on  a  large  scale. 
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BAGLE  RIVER  MIKINQ  CO. 

The  Eagle  River  group  of  24  lode-gold  claims  is  at  Amalga,  about 
30  miles  north  of  Juneau  and  7  miles  from  tidewater,  on  the  Lynn 
Canal,  to  which  a  horse  tramway  has  been  constructed.  The  ore 
body  consists  of  quartz  lenses  and  stringers  through  a  shear  zone  in 
a  slate-graywacke  series. 

The  old  workings,  consisting  of  10  levels  from  the  face  of  the  moun- 
tain, have  been  abandoned,  and  the  on]y  development  being  done  at 
present  is  on  what  is  known  as  the  flume  level,  600  feet  below  the 
fonner  opening.  Here  the  ore  has  been  explored  by  over  2,700  feet 
of  drifts  and  crosscuts,  and  some  stoping  has  been  done. 

The  ore  goes  to  the  mill,  400  feet  below  the  flume  level,  over  a  bal- 
anced tramway.  The  mill  contains  twenty  1,260-pound  stamps, 
which  drop  7  inches  95  times  a  minute.  The  ore  is  crushed  to  20- 
mesh  and  passes  over  amalgamating  plates  to  four  Wilfley  tables. 

SBNSB  GOLD  MINING  CO. 

Exploration  work  continues  at  the  Ebner  mine,  which  joins  the 
Alaska  Juneau,  in  Silver  Bow  Basin.  On  the  main,  or  No.  0,  level 
over  3,000  feet  of  crosscuts  and  drifts  were  driven  during  the  year, 
making  approximately  13,000  feet  of  development  on  that  level.  A 
442-foot  raise  was  completed  between  the  main  level  and  the  old 
workings  above. 

A  testing  plant  comprises  a  5-etamp  battery  of  800-pound  stamps, 
amalgamatiog  plates,  Wilfley  table,  and  regrinding  apparatus.  Power 
for  the  plant  and  a  12-driIl  2-stage  Ingersoll-Rand  compressor  is  fur- 
nished by  a  4-foot  Pelton  wheel  xmder  a  480-foot  head. 

JUALIN   ALASKA   MINES  CO. 

The  Jualin  Alaska  Mines  Co.  has  taken  over  the  options  held  by 
the  Algunican  Development  Co.  on  the  Jualin  mine  and  adjoining 
claims,  giviog  this  corporation  control  of  a  group  of  30  lode  claims 
and  a  mill  site. 

Two  veins,  the  north  and  back  ore  bodies,  have  been  opened.  These 
strike  northeast  and  dip  about  60*^  NW.  The  north  ore  body  is  6 
inches  to  18  feet  wide,  averaging  between  7  and  8  feet.  The  back 
vein  is  6  inches  to  4  feet  wide,  averaging  3  feet.  Both  veins  have 
been  opened  by  a  crosscut  on  what  is  known  as  the  adit  level.  From 
this  level  raises  have  been  driven  to  the  surface  and  shafts  sunk  on 
the  ore  bodies  to  the  160  and  310  foot  points,  from  which  the  devel- 
opment has  been  carried  forward.  The  ore  is  mined  by  overhand 
stoping,  the  walls  being  so  strong  that  only  stuUs  are  used  in  timber- 
ing. The  gangue  is  quartz  and  the  country  rock  a  blocky  diorite. 
Two  8  by  10  inch  and  one  6  by  8  inch  geared  hoists  driven  by  com- 
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pressed  air  are  used  for  hoisting  the  ore  to  the  adit  leveL  Below  the 
adit  level  the  mine  is  drained  by  a  5-inch  S-stage  Byron  Jackson  cen- 
trifugal pump,  direct  connected  to  a  150-horsepower  motor. 

At  the  mill  the  ore  passes  over  a  l^inch  grizzly,  the  oversize  going 
to  a  No.  2  Gates  gyratory  crusher.  From  a  50-ton  bin  it  is  automati- 
cally fed  to  ten  750-pound  stamps,  which  drop  8  inches  100  times  a 
minute.  The  screen  is  varied  from  25  to  40  mesh,  according  to  the 
grade  of  the  ore,  and  the  pulp  is  run  over  amalgamating  plates  to 
Isabelle  vanners.    The  concentrate  is  shipped. 

A  42-inch  Pelton  wheel  under  a  125-foot  head  supplies  power.  In 
winter,  as  the  water  diminishes,  a  25-horsepower  motor  belted  to  the 
line  shafting  serves  as  an  auxiUary.  Electricity  is  developed  at  the 
main  power  plant  by  a  100-kilowatt  Westinghouse  generator,  driven 
by  a  Pelton  wheel  imder  a  550-foot  head.  A  second  Pelton  wheel  is  set 
directly  on  a  line  shafting  belted  to  an  Ingersoll-Rand  two-stage 
compressor,  with  a  capacity  of  2,500  cubic  feet  of  free  air  a  minute. 
The  power  plant  is  so  arranged  that  two  semi-Diesel  150-horsepK)wer 
engines  can  be  belted  to  the  main  line  shafting  in  periods  of  low 
water. 

KENSINQTON  MINING   CO. 

The  company  continued  to  explore  its  property  in  the  Bemers  Bay 
district,  about  60  miles  northward  from  Juneau.  The  new  mill,  plans 
for  which  were  formulated  last  year,  was  not  built. 

NORTHERN  EXPLORATION  CO. 

The  company  is  developing,  under  bond,  the  Enterprise  and  Mon- 
tana groups,  each  containiQg  five  lode  claims,  on  the  north  shore  of 
Limestone  Inlet,  about  25  miles  south  of  Jimeau. 

At  the  Enterprise  group,  a  drift  has  been  driven  320  feet  on  the 
vein  at  an  elevation  of  1,300  feet.  A  77-foot  raise  connects  this  and 
a  second  drift,  which  is  in  120  feet  on  the  ore.  The  vein  strikes 
N.  30°  E.,  dips  62°  NW.,  and  averages  about  30  inches  in  width.  The 
coimtry  rock  is  diorite  and  the  gangue  quartz.  Stopes  have  been 
opened  on  both  levels  and  the  ore  is  conveyed  from  the  mouth  of  the 
lower  drift  to  the  mill  on  the  beach  by  a  jig-back  tram,  with  a 
1-inch  track  cable,  }-inch  haulage  cable,  and  two  buckets  with  a 
capacity  of  500  poimds  each. 

At  the  mill  the  ore  passes  over  a  1-inch  grizzly  to  an  8  by  12  inch 
jaw  crusher  and  is  fed  from  the  bins  to  the  stamps  by  Challenge 
feeders.  The  battery  is  of  Frazer  &  Chalmers  design  and  contains 
five  1,250-pound  stamps  falling  6  inches  98  times  peritninute.  Forty- 
mesh  screens  are  used.  The  pulp  passes  over^  amalgamating  plates 
to  concentrating  tables. 
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O&ANBT  CONBOLmATSD  lUNINO,  SUBI/TING  A  POWSB  OO.  (l/CD.). 

The  company  has  been  working  the  Mamie  and  It  mines  during 
the  year,  besides  doing  considerable  exploration  of  other  claims  in 
the  locality. 

The  Mamie  mine,  at  Hadley,  on  Lyman  anchorage,  on  the  coast  of 
Prince  of  Wales  Island,  is  opened  by  a  300-foot  shaft  and  a  crosscut 
which  taps  the  shaft  on  the  second  level  170  feet  below  the  collar. 
There  are  four  levels  at  intervals  of  95,  75,  60,  and  65  feet.  The  ore 
is  chalcopyrite  in  a  silicious  and  magnetite  gangue  associated  with 
small  amounts  of  gold  and  silver.  The  ore  bodies,  irregular  lenses  of 
greatly  varying  size,  are  found  in  an  altered  zone  between  a  grano- 
diorite  intrusive  and  limestone  and  greenstone.  One  of  the  lenses 
measures  5  feet  by  20  feet  by  20  feet;  another  150  feet  by  300  feet 
by  75  feet.  These  figures  give  no  idea  of  the  size  of  the  magnetite 
bodies,  as  the  ore  has  been  mined  only  as  far  as  the  copper  content 
made  it  valuable.  The  lenses  have  a  north  and  south  strike,  approxi- 
mately parallel  to  the  contact,  and  are  practically  vertical.  Because 
of  the  ore  bodies  varying  in  size,  no  one  method  of  mining  is  appli- 
cable to  the  whole  mine. 

Part  of  the  ore  near  surface  was  mined  through  a  glory  hole;  imder- 
ground  some  stopes  have  been  worked  on  a  full-breast  system  and  in 
others  the  ore  has  been  shot  off  in  benches.  All  drilling,  except  that 
done  by  contractors,  is  on  the  day  shift,  and  the  ground  blasted  at 
night  by  a  shot  firer  who  handles  all  the  powder.  This  plan  elimi- 
nates much  of  the  danger  of  handling  powder  and  provides  much 
better  ventilation  than  is  produced  by  indiscriminate  blasting. 

One  60-hp.  return  tubular  and  one  90-hp.  locomotive  type  boiler 
furnish  power.  The  ore  is  raised  with  a  12  by  18  inch  two-cylinder, 
double-drum  Bradley  hoist.  Leyner  drills  and  jack  hammers  are 
used  underground.  The  ore  is  conveyed  from  the  mine  to  the  wharf 
over  a  7,200-foot  Riblet  tram,  having  a  capacity  of  300  tons  in  9 
hours.  The  diameter  of  the  track  cable  on  the  loaded  side  is  IJ 
inches,  on  the  empty  side  1  inch;  the  haulage  cable  is  f  inch  and  the 
capacity  of  the  buckets  7  cubic  feet.  There  are  13  towers  and  the 
upper  terminal,  elevation  750  feet,  has  a  bunker  capacity  of  700 
tons.     The  lower  bunkers  hold  150  tons. 

The  It  mine  is  situated  oh  Kasaan  Bay,  about  three-quarters  of  a 
mile  from  the  beach.  The  ore  is  chalcopyrite,  but  differs  from  that 
at  the  Mamie  in  being  higher  grade  and  having  a  gangue  of  altered 
limestone.  It  lies  in  lenses  between  intrusive  granodiorite  and 
limestone.  When  the  company  took  over  the  mine  there  was  a 
150-foot  vertical  shaft  and  a  1,500-foot  crosscut,  280  feet  below  the 
bottom  of  the  shaft.  A  2-compartment  raise  was  driven  to  the  shaft 
and  the  ore  passed  down  this  to  the  tunnel  level.  From  the  mouth 
of  the  tunnel  an  '8-hp.  gasoline  motor  haxils  the  ore  to  the  beach, 
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where  it  is  stored  in  bunkers,  having  a  capacity  of  1,200  tons.  A 
large  portion  of  the  work  this  year  has  been  diamond-drill  explora- 
tion. The  company  furnishes  Uving  quarters  at  both  mines,  those 
at  the  Mamie  being  a  little  better  equipped  as  regards  change  rooms 
and  showers  on  account  of  the  greater  number  of  men  working  there. 

JUMBO  unrs. 

The  Jumbo  mine,  commonly  known  as  the  Sulzer,  of  the  Alaska 
Industrial  Co.,  has  been  leased  the  past  year  to  Charles  A.  Sulzer. 
It  is  situated  on  Hetta  Inlet,  on  the  West  coast  of  Prince  of  Wales 
Island. 

The  ore,  mainly  chalcopyrite,  lies  in  lenses  in  an  altered  zone 
between  granite  and  Umestone.  These  lenses  show  little  continuity 
and  prospecting  is  difficult.  The  main  entrance  to  the  mine  is  a  cross- 
cut at  an  elevation  of  1,500  feet,  though  many  of  the  ore  bodies  have 
been  near  enough  to  surface  to  be  worked  as  open  cuts  during  the 
summer.  A  252-foot  winze  has  been  sunk  from  the  crosscut  and 
several  levels,  with  connections  to  the  surface  for  ventilation,  opened 
on  the  ore  bodies.  A  HaUidie  hoist  raises  the  ore  from  the  winze  to 
the  crosscut  level,  whence  it  is  trammed  to  the  entrance  of  the  cross- 
cut, and  then  sorted  before  going  to  the  bins  which  constitute  the 
upper  terminal  of  an  8,000-foot  aerial  tram.  The  lower  terminal  is 
at  the  4,000-ton  bunkers  on  tidewater.  The  track  cable  has  a  diame- 
ter of  li  inches  on  the  loaded  and  seven-eighths  inch  on  the  empty 
side;  the  haulage  cable  is  five-eighths  inch. 

At  the  mine  a  SulUvan  compressor,  driven  by  a  60-horsepower 
AUis-Chalmers  motor,  furnishes  air  for  the  hoist  and  machines. 
The  power  comes  from  a  hydroelectric  plant  on  the  beach  where  a 
50-kilowatt  General  Electric  dynamo  is  belted  to  a  36-inch  Pelton 
wheel  under  a  360-foot  head. 

There  is  a  sawmill  on  the  beach  and  during  the  summer  two  new 
bunk  houses,  a  superintendent's  house,  and  a  number  of  other  build- 
ings have  been  erected. 

A  deposit  of  barytes  has  been  opened  by  Mr.  Sulzer  at  Lime  Point, 
several  miles  below  Sulzer,  and  machinery  is  on  the  groimd  for  the 
erection  of  a  grinding  plant  in  the  spring  of  1917. 

MOUNT  ANDREW  MINING  CO. 

The  Mount  Andrew  mine  is  situated  3,600  feet  from  tide  water,  on 
the  north  shore  of  Kasaan  Bay,  on  the  east  coast  of  Prince  of  Wales 
Island. 

The  ore,  chalcopyrite-magnetite  lenses  of  irregular  size  and  shape  in 
an  altered  zone  between  a  granodiorite  and  a  limestone,  is  mined  for 
its  copper  content.  Large  bodies  of  low-grade  ore  opened  in  the  stopes 
and  glory  hole  will  be  available  for  a  concentration  plant  in  the  future. 
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The  largest  opening  teade  to  date  is  40  feet  wide  and  230  feet  long. 
Most  of  the  mining  has  been  through  glory  holes,  though  a  recently 
completed  crosscut  about  1;600  feet  long  and  a  310-foot  raise  tap  the 
ore  from  below.  Recently  most  of  the  development  work  has  been 
confined  to  the  main  and  a  number  of  outlying  ore  bodies  at  the 
surface. 

A  3;800-foot  Riblet  automatic  tram,  with  a  capacity  of  300  tons 
in  8  hours,  connects  the  mine  and  wharf.  There  are  16  towers  and 
the  buckets  have  a  capacity  of  1,100  pounds  each.  The  diameters  of 
the  cables  are:  Loaded  side,  1  inch;  empty  side,  three-fourths  inch; 
and  haulage  cable,  five-eighths  inch.  Denver  Rock  Drill  Co.,  Inger- 
soU-Rand,  Sullivan,  and  Waugh  machines  are  used  in  mining,  the 
air  being  supplied  by  two  6-drill  IngersoU-Rand  steam-driven  com- 
pressors at  the  beach. 

PRINCETON  MINING   A  MILLING  CO. 

The  Valpariso  mine  is  situated  on  the  shore  of  Paul  Lake,  near 
Dolomi,  on  the  eastern  side  of  Prince  of  Wales  Island. 

The  vein  varies  in  width  from  a  mere  seam  to  14  feet  and  averages 
about  4  or  5  feet.  The  gangue  is  quartz  and  lime;  the  country  rock, 
schist  and  dolomitic  limestone.  The  strike  is,  roughly,  east,  and  the 
average  dip  is  30°  north. 

A  shaft  has  been  sunk  on  the  ore  a  little  over  300  feet,  with  four 
levels  at  intervals  of  90,  50,  50,  and  128  feet.  A  drainage  tunnel 
runs  from  the  second  level  to  the  lake. 

At  the  mill  the  ore  passes  over  a  1-inch  grizzly;  the  oversize  is 
reduced  to  that  size  by  an  8  by  10  inch  Blake  crusher  and  falls  with 
the  undersize  into  a  100-ton  bin.  A  Challenge  feeder  feeds  a  five- 
stamp  Hendy  battery  in  which  the  stamps  weigh  1,250  pounds  each, 
and  drop  9  inches  90  times  a  minute.  The  ore,  crushed  to  one- 
fourth  inch,  passes  to  a  5-foot  Chilian  mill,  which  crushes  it  to 
approximately  80  mesh.  The  pulp  goes  to  a  classifier  and  amalgam 
mation  plates,  the  oversize  returning  to  the  Chilian  mill.  The  plates, 
5  by  12  and  5  by  16  feet,  are  set  on  a  grade  of  1  inch  to  1  foot. 
From  these  the  pulp  passes  to  a  Callow  classifier;  the  coarser  product 
goes  to  Diester  roughing  tables  and  the  fines,  after  being  dewatered, 
to  three  Diester  slimers.    The  concentrate  is  stored  for  shipment. 

Two  Pelton-Doble  wheels  under  a  250-foot  head  supply  approxi- 
mately 80  hp.  An  air  lift  is  used  to  elevate  the  water  from  the  sump 
to  the  drainage  level,  the  air  for  this  and  the  machines  being  fur- 
nished by  a  Denver  hydrocompressor,  which  has  a  capacity  of  400 
cubic  feet  of  free  air  a  minute  under  a  250-foot  head.  In  periods  of 
low  water,  two  Ingersoll-Rand  two-stage  Imperial  type,  steam-driven 
compressors  are  used.  Sullivan,  Ingersoll-Rand,  and  Excelsior  Drill 
Co.  machines  are  used  underground. 
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BBADT  BULLION  UININO  CO. 

The  Ready  Bullion  group  of  claims  is  situated  about  1}  miles  from 
Hollis,  on  Twelve  Mile  Arm,  an  inlet  of  Kasaan  Bay,  on  the  east  coast 
of  Prince  of  Wales  Island. 

A  horse  tram  with  rails  of  4  by  4'8  covered  with  strap  iron  has  been 
built  from  the  beach  to  the  mine  and  is  used  for  hauUng  supplies. 

The  well-defined  vein,  which  shows  several  inches  of  gouge  on  both 
walls,  is  a  few  inches  to  several  feet  thick,  averaging  6  or  7  inches. 
It  strikes  N.  25^  W.  to  N.  35^  W.,  and  dips  35°  to  50°  NE.  The 
country  rock  is  altered  tuflf,  slate,  and  quartzite.  The  property  is 
opened  by  four  drifts,  the  third  or  mill  level  having  been  driven  for 
a  distance  of  nearly  1,200  feet. 

The  method  of  mining  is  worthy  of  especial  mention,  as  it  has 
greatly  reduced  working  costs.  After  a  drift  has  been  driven  the 
hanging  wall  is  shot  down  about  6  feet  above  the  drift  for  a  width  of 
3  feet  and  the  ore  is  stripped.  Heavy  stuUs  are  then  set  across  the 
top  of  the  dnft  and  lagged.  Every  50  feet  a  close-lagged  oreway 
and  manway  is  started,  and  between  these  three  waste  chutes  are 
built.  Another  cut  is  then  shot  off  the  hanging  wall;  the  ore  is 
stripped  on  canvas  and  shoveled  into  the  oreways.  As  the  stopes 
proceed,  just  enough  waste  is  drawn  through  the  waste  chutes  to 
give  headroom.  The  manways  and  oreways  are  kept  tightly  lagged, 
but  the  waste  chutes  are  always  built  only  a  trifle  above  the  stulls 
on  the  drift  level,  so  only  a  small  percentage  of  the  waste  is  shoveled. 

At  the  mill  a  4-foot  Pelton  wheel,  under  a  347-foot  head,  furnishes 
power  for  the  compressor  and  mill  equipment,  except  the  table  which 
is  driven  by  a  16-inch  wheel.  The  ore  passes  over  a  2J-inch  grizzly 
to  an  8  by  10  inch  Blake  crusher  and  then  goes  to  the  bins.  From 
these  it  is  fed  to  a  Risdon  5-stamp  battery  with  60-mesh  screens  by 
a  Risdon  automatic  feeder.  The  stamps  weigh  1,000  pounds  each 
and  drop  7  inches  90  times  a  minute.  The  pulp  passes  over  amal- 
gamating plates  to  a  Standard  table,  the  concentrates  being  shipped 
to  the  Tacoma  smelter. 

BU8H   A  BROWN  UINB. 

The  mine  owned  by  Rush  &  Brown  is  on  Prince  of  Wales  Island, 
near  the  head  of  Kasaan  Bay,  on  the  northern  side. 

The  ore  bodies  are  of  two  types — magnetite-chalcopyrite  ore  in  a 
contact  between  intrusive  diorite  and  altered  sediments  and  chal- 
copyrite  in  a  shear  zone  in  altered  sediments.  The  former  is  known 
as  the  magnetite  and  the  latter  as  the  sulphide  ore  body.  Both 
have  been  opened  from  a  250-foot  shaft  with  three  levels,  and  a  winze 
is  now  being  sunk  to  300  feet.  The  ore  from  the  magnetite  body 
has  been  mined  by  a  number  of  stopes  and  an  open  pit  more  than 
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100  feet  deep;  the  workings  in  the  sulphide  body  are  stopes.  Both 
ore  bodies  have  a  general  east  strike  and  dip  south.  Only  shipping 
ore  has  been  mined  from  either  ore  body,  althojigh  large  bodies  of 
milling  ore  have  been  opened.  The  ore  is  washed  and  hand  sorted 
in  a  sorting  station  and  lowered  on  a  balanced  tram  300  yards  to  the 
mine  bunkers.  From  here  it  is  hauled  3  miles  to  the  wharf  and 
stored  in  bunkers,  having  a  capacity  of  about  1,000  tons,  for  shipment 
to  the  smelter.  During  the  past  year  the  shipments  have  been  to 
the  Granby  smelter  at  Anyox,  British  Colmnbia. 

8£A  LEVBL  DKVBLQPMBNT  00. 

The  company,  which  had  an  option  on  the  Sea  Level  and  Sea 
Breeze  claims  Uie  past  season,  pumped  out  the  100-foot  shaft  on  the 
Sea  Level,  and  extended  the  drift  at  the  bottom  50  feet.  About 
70  feet  of  drifting  was  done  on  the  Sea  Breeze  claim. 

THB  B.  L.  THA.NB  BZFLOBATION  CO. 

The  company  had  an  option  on  the  Poorman  group,  about  2  miles 
northwest  of  Easaan,  on  the  east  coast  of  Prince  of  Wales  Island, 
and  did  a  little  development. 

The  ore  is  magnetite  associated  with  a  small  amount  of  chalco- 
pyrite. 

SITKA  DISTRICT. 
CmCAGOFF  MDnNO  CO. 

The  hi^-grade  gold  bearing  quartz  vein  in  the  Chicagoff  mine 
lies  in  a  shear  zone  in  graywacke.  The  property,  which  is  situated  on 
Elag  Bay,  on  the  west  coast  of  Chichagof  Island,  about  50  miles 
nordierly  from  Sitka,  and  embraces  the  original  Chicagoff  mine 
and  the  adjoining  Golden  Gate  ground  >  has  been  opened  by  a  drift 
from  which  shafts  840  and  2,500  feet  from  the  tunnel  mouth  have 
been  sunk  800  feet  on  the  ore.  A  634-foot  raise  has  been  driven  from 
this  drift  to  the  Golden  Gate  workings  to  provide  an  oreway  and 
ventilation.  Eight  levels  have  been  opened  from  the  first  incline 
and  six  from  the  second,  and  at  the  face  of  the  main  drift  there  is 
approximately  2,200  feet  of  backs. 

There  are  two  mills  on  the  ground,  the  Chicagoff  and  the  Golden 
Gate.  In  the  former,  which  contains  20  stamps,  the  ore  passes  from 
the  batteries  over  plates  to  a  tube  mill  from  which  it  goes  to  a  second 
set  of  plates.  From  these  the  pulp  passes  over  Diester  tables  and 
is  finally  treated  by  flotation.  In  die  Golden  Gate  mill  there  are  10 
stamps  and  the  battery  pulp  after  passing  over  amalgamation  plates 
is  treated  on  Wilfley  tables. 
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PACDIC  COA8T  GYPSUM  CO. 

At  the  Gypsum  mine,  at  Gypsimiy  on  the  east  coast  of  Chichi^of 
Island  several  bodies  of  gypsum  have  been  opened ,  the  laigest  being 
developed  through  a  185-foot  3-compartment  shaft  with  levels  at 
the  75  and  196  foot  points.  The  deposit  strikes  southeast^  dips 
about  30^  northeast  and  is  100  to  150  feet  wide.  Drifts  and  crosscuts 
are  run  from  the  shaft  and  raises  are  driven  from  which  stopes  are 
opened  on  the  fuU-breast  system. 

A  Hendrie  &  Bolthoff  twin-cylinder  8  by  12  inch  double-drum  hoist 
raises  the  gypsum  to  the  mine  bunkers,  which  have  a  capacity  of 
3,000  tons.  From  themine  the  gypsum  goes  over  a  1-mile  railroad  to 
the  wharf,  where  it  is  stored  in  bins  having  a  capacity  of  2,000  tons. 
From  there  it  is  shipped  to  the  company's  plant  in  Tacoma,  Wash. 

SOTTTSWBSTBBN  AliASKA. 

COPPER  RIVER  DISTRICT. 
ALASKA  CONBOUDATED  COPPER  CO. 

Development  work  was  continued  at  the  company's  property  by 
the  eastern  interests  that  hold  an  option.  The  mine  is  situated  on 
Nugget  Creek,  a  tributary  of  the  Kuskulana,  and  is  about  16  miles  from 
Strelna,  a  station  on  the  Copper  River  &  North  Western  Railroad. 
During  the  winter  a  power  plant  and  compressor  were  installed. 

GREAT  NORTHERN  DEVELOPMENT  CO. 

Only  assessment  work  was  done  at  the  company's  property,  which 
is  on  Clear  Creek,  a  tributary  of  the  Kuskulana. 

HUBBARD-ELLIOTT  COPPER  CO. 

Development  was  continued  at  the  company's  property  on  Elliott 
Creek,  a  tributary  of  the  Kotsina. 

KBNNBCOTT  COPPER  CORPORATION. 

The  corporation  is  working  two  mines,  the  Bonanza  and  the  Jumbo, 
on  Bonanza  Mountain,  and  is  developing  several  prospects  in  the 
Copper  River  district.  The  mines  are  dose  together  and  about  3 
miles  from  the  concentrator  at  the  terminal  of  the  Copper  River  & 
North  Western  Railroad. 

Both  mines  are  connected  with  the  concentrator  by  Bleichert 
aerial  tramways  and  at  both  most  of  the  ore  is  chalcocite  with  smaller 
amoimts  of  covellite  and  copper  carbonates.  The  ore  occurs  in 
irregular  bodies  and  seams  throughout  the  limestone;  there  is  no 
regular  method  of  mining,  but  a  separate  plan  is  adopted  for  each 
ore  body,  according  to  its  size  and  slope.     In  the  larger  masses  the 
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high-grade  ore  has  been  worked  in  benches;  the  mill-ore  has  been 
blasted  in  from  the  sides  to  fill  the  slopes  and  then  drawn  as  needed. 
The  limestone  is  hard  and  stands  well,  permitting  the  opening  of 
chambers  of  a  size  that  in  a  softer  rock  would  be  attended  with  con- 
siderable danger. 

The  Jumbo  mine  is  opened  by  an  inclined  shaft,  30^,  with  levels 
100  feet  apart  vertically.  This  shaft  is  being  sunk  from  the  700  to 
the  800  foot  level.  Ventilation  is  natural  except  for  the  air  from  the 
machines  and  the  small  blowers  used  to  force  air  into  the  dead  ends 
of  the  drifts.  The  tramway  from  the  mine  to  the  concentrator,  com- 
pleted last  year,  has  a  capacity  of  20  tons  an  hour  at  a  speed  of  528 
feet  per  minute.  It  is  15,250  feet  long  and  has  19  towers,  three 
breakovers,  and  three  tension  stations.  The  track  cable  on  the 
loaded  side  is  1^  inches  in  diameter,  on  the  empty  side  1  inch,  and 
the  haulage  cable  is  seven-eighths  inch.  Each  bucket  has  a  capacity 
of  6  cubic  feet. 

The  air-compreasor  plant  at  the  Jumbo  comprises  two  IngersoU- 
Rand  Imperial  type,  CSlass  XB-2,  15  and  9  incj^es  by  12  inches, 
croes-compoimd,  2-stage  compressors;  each  having  a  piston  displace- 
ment of  513  cubic  feet  of  free  air  a  minute  belted  to  79i-hp.  West- 
inghouse  type  C.  W.  motors;  one  Ingersoll-Rand  Imperial,  daas 
NE^l,  12i  by  12  inch  single-stage  compressor  with  herringbone  gear 
connection  to  a  50-hp.  Westinghouse  type  C.  S.  induction  motor;  and 
two  small  compressors,  not  in  use  at  present  time,  each  with  a  piston 
displacement  of  310  cubic  feet  a  minute. 

The  Bonanza  mine  is  opened  by  a  crosscut  and  inclined  shaft 
sloping  26  to  33  degrees,  and  a  glory  hole.  As  the  shaft  is  too  small 
for  good  work  and  a  larger  part  of  it  is  in  ore,  a  new  3-compartment 
shaft  which  will  provide  two  hoisting  compartments  and  a  manway, 
is  being  raised  from  the  600-foot  level  to  the  main  crosscut.  This 
year  a  crosscut  was  completed  on  the  third  level  to  the  Mother  Lode 
side  of  the  moimtain  and  a  raise  driven  to  s\iif ace  for  air  and  a  man- 
way.  All  ventilation  is  natural  except  for  the  air  from  machines 
and  that  from  small  blowers  for  the  dead  ends  of  advance  working^. 

The  Bonanza  tramway,  15,450  feet  long,  with  44  towers,  an  angle 
station,  and  a  tension  station,  has  a  capacity  of  18  tons  an  hour  at 
a  speed  of  452  feet  a  minute.  The  diameter  of  the  track  cable  on 
the  loaded  side  is  1|  inches,  on  the  empty  side  seven-eighths  inch, 
of  the  haulage  cable  eleven-sixteenths  inch.  The  buckets  have  a 
capacity  of  5  cubic  feet  each. 

The  air  compressor  is  an  Ingersoll-Rand,  class  PE>'2,  25i  and  14^ 
inches,  by  21  inches,  cross-compound,  two-stage;  with  a  piston  dis- 
placement of  2,030  cubic  feet  of  free  air  per  minute,  it  is  directly 
connected  to  a  250-hp«  Westinghouse  synchronous  motor. 
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In  the  power  plunt,  which  is  on  the  concentrator  site,  are  two 
305-hp.  special  Erie  City  oil-burning,  water-tube  boilers^  which  fur- 
nish steam  at  160  pounds,  working  pressiu'e.  The  prime  movers  are: 
An  Allis-Chalmers  33  and  17  inch  by  21  inch  reciprocatmg  engine, 
direct-connected  to  a  400  k.  y.  a.  Allis-Chalmers  class  A-1  generator; 
a  500  k.  V.  a.  Westinghouse  turbo-generator  and  a  Pelton  wheel, 
direct  connected  to  a  200  k.  y.  a.  Westinghouse  type  O  generator. 
Current  is  generated  at  480  volts  and  used  at  this  pressure  in  the  mill; 
for  transmission  to  the  mines  it  is  stepped  up  to  10,000  volts  but  is 
stepped  down  to  480  where  it  is  used.  Two  oil  tanks  with  a  total 
capacity  of  153,000  gallons  hold  the  fuel  oil. 

At  the  concentrator  the  ore  is  crushed  and  passed  over  an  auto- 
matic weighing  belt,  then  it  is  sampled  and  hand-sorted.  The  high- 
grade  ore  is  shipped  without  further  treatment  but  the  low  grade 
is  crushed  and  classified  to  obtain  a  high-grade  concentrate,  which 
is  shipped,  and  a  tailing  which  goes  to  the  leaching  plant. 

A  6,095-foot  tram,  Leschen  &  Sons,  connects  the  mine  with  1,500* 
ton  ore  bins  on  McCarthy  Creek,  the  difference  in  elevation  of  the 
terminals  being  2,798  feet.  Its  capacity  is'  100  tons  in  an  8-hour 
day.  The  diameters  of  the  cables  are:  Loaded  side,  1}  inches;  empty 
side,  seven-eighths  inch;  and  haulage,  three-fourths  inch. 

The  power  plant  consists  of  an  80-hp.  twin-cylinder  Otto  gas 
engine,  a  125-kw.  3-phase  Payne  generator,  a  3^-hp.  gas  engine, 
which  compresses  air  for  the  starting  device  of  the  Otto  engine,  a 
Sullivan,  type  W.  C.  4,  air  compressor,  driven  by  a  75-hp.  motor,  a 
direct  current  7-hp.  generator,  connected  with  a  2^-hp.  fan,  a  7-hp. 
alternating  current  motor,  to  run  a  7-hp.  fan,  a  No.  5  Cameron 
sinking  pump,  worked  by  air  or  steam,  and  a  double-cylinder  6  by 
8  inch  air  or  steam  hoist.    Sullivan  drills  are  used  underground. 

MOTHER  LODE  COFPEB  MINES  CO. 

The  company's  property  is  about  1}  miles  from  the  Kennecott 
Bonanza  mine  and  14  miles  from  McCarthy,  a  station  on  the  Copper 
Biver  &  North  Western  Railroad.  During  the  winter  months  the  ore 
is  sledded  over  a  wagon  road  down  McCarthy  Creek  to  the  station. 

The  ore  body  is  2  to  19  feet  wide.  The  predominant  mineral  is 
chalcocite,  which  is  associated  with  sulphides  and  carbonates.  The 
country  rock  is  limestone.  The  main  ore  body  strikes  generally  N. 
22**  E.;  it  dips  SO"*  E.  in  the  northern  part  of  the  workings,  and  70** 
W.  in  the  southern  part. 

The  property  has  been  opened  on  four  levels  for  a  vertical  distance 
of  over  250  feet,  the  lowest  level  being  tapped  by  a  crosscut  at  an 
elevation  of  5,585  feet.  A  2-compartment  shaft  has  been  started 
on  this  level,  though  work  has  been  temporarily  discontinued  on 
account  of  the  high  cost  of  power. 
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NOBTH  MIDA8  COPPEB  CO. 

The  property  is  situated  about  1 1  miles  from  Strelna,  on  the  south 
side  of  the  Kuskulana  River.  In  the  group  are  1 2  lode  claims  covering 
a  number  of  outcrops  of  copper-bearing  ore,  the  predominant  mineral 
being  chalcop3nrite.  Four  crosscutd  have  been  driven  to  intersect  the 
lodes. 

FLACBR  inNING. 

Most  of  the  placer  mining  in  the  Copper  River  district  was  on  tribu- 
taries of  the  Chistochina  and  Nazina  Rivers,  though  a  number  of 
smaller  properties  were  worked  on  the  Brenner  and  other  tributaries. 

On  Dan  Creek,  a  tributary  of  the  Nazina,  the  Dan  Creek  Mining 
Co.  works  a  group  of  claims.  As  the  creek  has  a  comparatively  rapid 
fall  and  is  extremely  turbulent  during  high  water,  this  company  has 
had  to  meet  many  difficulties.  In  opening  the  ground  the  main  body 
of  the  creek  is  flumed  past  the  area  to  be  worked,  wing  dams  set,  a 
bedrock  flume  laid,  and  the  gravel  washM  into  the  flume  by  giants. 
Railroad  iron  is  used  for  riffles  and  a  tailing  giant  at  the  lower  end  of 
the  flume  stacks  the  waste.  As  the  pits  are  worked  out,  the  wing 
dams  are  moved  up  stream  and  the  flumes  extended. 

On  Chititu,  also  a  tributary  of  the  Nazina,  Esterly  &  Andrus  had 
the  largest  placer  operations,  working  one  plant  on  ihe  main  stream 
and  a  second  on  Rex,  one  of  the  principal  branches.  On  Chititu,  a 
bedrock  flume  is  laid  in  the  spring  through  the  part  of  the  ground 
to  be  worked  that  season.  Giants  are  set  at  the  upper  end  of  the 
block  and  the  pit  worked  downstream,  the  sluices  being  extended 
as  necessary  to  carry  the  tailings.  Railroad  iron  and  sawed  blocks 
are  used  for  riffles. 

Near  the  mouth  of  Rex,  Frank  Keman  worked  a  small  hydraulic 
plant,  and  a  few  claims  up  the  creek  E.  W.  Brooks  employed  a  few 
men  on  similar  work.  Bert  Carvey  worked  a  bench  claim  on  the 
same  creek  when  water  was  available. 

On  the  Chitistone,  Slate  Creek  and  its  tributary.  Miller  Gulch, 
were  the  center  of  activity,  though  scarcity  of  water  on  Miller  Gulch 
prevented  extensive  work.  At  the  mouth  of  Slate  Creek  J.  M.  Elmer 
and  associates  worked  three  placer  claims  under  lease.  A  20-inch  pipe 
conveyed  the  water  to  one  4-inch  and  two  5-inch  giants  under  a  140- 
foot  head.    The  gravel  bank  was  approximately  20  feet  high. 

SevQral  clakns  above  this  is  the  John  S.  Miller  group  of  three  claims* 
Here  water  from  two  streams  under  a  280-foot  and  a  390-foot  head 
is  directed  against  a  20-foot  bank  by  one  4-inch  and  one  3-inch  nozzle. 
Meyer  &  Prolig,  Eraemer,  Lea  veil  &  Hemple,  William  Schroeder,  Bert 
McDoweU,  and  the  Canaille  brothers  all  worked  .small  plants  in  the 
same  locality,  and  a  number  of  others  did  assessment  work  on  their 
claims.     The  gravels  of  the  lower  Chesna  were  drilled  by  John  Haze- 
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lett  to  test  their  availability  as  dredgiag  ground.    On  the  upper 
Ghefina^  Holmes  &  Brail  worked  a  small  plant. 

KENAI  PENINSULA. 
AI«A8KA  CROW  CRBBK  MINING  CO. 

The  company  does  hydraulic  mining  on  a  group  of  29  creek  and 
bench  claims  on  Crow  Creek,  a  tributary  of  Glacier  Creek,  about  5 
miles  aboye  its  mouth.  Glacier  Creek  flows  into  Tumagain  Arm 
from  the  northern  side,  crossing  the  surveyed  line  of  the  Government 
railroad  at  Glacier.    The  group  covers  several  miles  of  the  creek  bed. 

Much  of  the  company's  energy  in  the  past  has  been  expended  in 
efforts  to  get  the  property  in  good  working  condition  and  the  work  was 
not  completed  until  the  fall  of  1915.  The  gravels  toward  the  lower 
end  of  the  creek,  most  of  which  were  comparatively  barren,  were 
sluiced  to  bedrock  and  a  flume  built  to  pass  the  stream  around  that 
point.  A  bedrock  flume  2,200  feet  long,  5  feet  wide  and  5  feet  deep 
was  built  in  this  cut  on  a  grade  of  7  inches  to  the  box  length  (12*  feet). 
At  the  intake  the  floor  of  the  first  box  is  made  of  manganese  steel 
plates.  The  next  seven  have  railroad  iron  for  riffles  and  the  rest 
have  14-inch  sawed,  wooden  blocks. 

A  ditch  about  a  mile  long  conveys  the  water  from  the  upper  part 
of  Crow  Creek  to  the  penstock  which  gives  a  head  of  300  to  400  feet 
at  the  bottom  of  the  pit.  The  main  pipe  line  is  24  inches  in  diameter, 
several  giants  being  operated,  according  to  the  stage  of  the  water. 

The  property  is  equipped  with  a  sawmill  that  furnishes  lumber  for 
the  flume  and  dwellings. 

ALASKA   SECURITIBB  CORPORATION. 

The  corporation  has  recently  consohdated  several  groups  of  placer 
claims  on  Lynx  Creek,  where  it  is  installing  a  plant,  and  is  drilling 
another  group  on  Canyon  Creek,  just  above  the  forks  of  the  G}ovem- 
ment  road. 

On  the  Lynx  Creek  group  a  ditch  nearly  a  mile  long  and  a  4,000- 
foot  pipe  line  is  under  construction  which  will  give  a  400-foot  head. 
A  tunnel  has  been  driven  through  a  low  ridge  to  give  room  for  the 
disposal  of  the  tailing,  and  a  bedrock  flume  has  been  laid.  Hun- 
garian riffles  are  used  for  the  first  two  box  lengths,  and  sawed  blocks 
for  the  remainder. 

On  Canyon  Creek  the  company  has  had  a  Keystone  drill  busy 
testing  an  old  channel  the  past  summer. 

BLUBBEJiL  AND  PRIMR08B  MINES. 

Some  development  work  was  done  at  the  Bluebell  and  Primrose 
groups  about  five  miles  southwest  of  mile  post  18  on  the  Alaska 
Northern  Railroad.    Several  veins  on  both  groups  have  been  pros- 
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pected  superficially  by  short  drifts  and  crosscuts  and  at  the  Primrose 
a  small  Little  Giant  mill  has  been  installed.  The  veins,  quartz  in  a 
slate-graywacke  countiy  rock,  carry  gold.  Most  of  the  ore  is  free 
milling.  Shoots  of  arsenopyrite  contain  considerable  gold  and 
silver  and  during  the  past  season  a  test  sample  of  1 0  tons  of  this  ore 
was  shipped  to  the  Tacoma  smelter.  Both  groups  have  been  under 
the  same  management  for  the  past  two  years. 

OILPATRICK  MIKE. 

Only  assessment  work  was  done  at  the  claims  situated  about  15 
miles  from  mile  post  29  on  the  Alaska  Northern  Railroad  during  the 
past  season.  There  are  several  veins,  but  the  greatest  amount  of 
work  has  been  done  on  a  mineralized  dike  adjacent  to  one  of  them. 
TUns  dike  is  well  above  timber  line  and  has  been  opened  by  several 
hundred  feet  of  drifts  and  raises.  An  airastra  has  been  installed 
on  the  creek  near  the  bottom  of  the  canyon  to  treat  the  soft  oxidized 
ore  from  the  surface.  The  high-grade  ore  is  sacked  and  hauled 
down  the  mountain  on  sleds. 

HERRON  DREDGING  CO. 

The  dredge  near  Sunrise  was  idle  during  the  past  season. 

KENAI-ALA8KA  GOLD  CO. 

The  company  owns  a  group  of  five  lode  and  three  placer  claims  on 
the  north  side  of  Falls  Creek,  about  4  miles  from  mile  post  26  on  the 
Alaska  Northern  Railroad.  The  mine,  which  is  situated  at  an  eleva- 
tion of  4,500  feet,  has  been  opened  by  two  crosscuts  with  connecting 
riuses  and  stopes.  It  is  connected  with  the  5-stamp  Hendy  mill  by 
an  8,200-foot  tram  which  has  a  fall  of  2,400  feet  between  terminals. 
This  property  was  under  lease  a  part  of  the  year  to  Drenan  &  Sweitzer. 

LUCKY  STRIKE  lONE. 

The  Lucky  Strike  group  of  five  lode  claims  is  owned  by  John  Hir- 
ahey ;  it  is  situated  on  a  ridge  at  an  elevation  of  3,500  feet,  at  the  head 
of  Palmer  Creek,  a  tributary  of  Resurrection  Creek,  about  14  miles 
from  Ho]>e. 

The  lode,  a  series  of  veinlets  in  a  crushed  and  broken  slate,  strikes 
east  and  has  a  variable  dip  to  the  northwest.  Two  crosscuts  have 
been  driven  to  intersect  the  ore,  but  owing  to  hmited  milling  f aciUties 
only  the  high-grade  stringers  have  been  worked.  A  1,000-foot  jig- 
back  tram  takes  the  ore  to  a  flat  whence  it  is  hauled  about  half  a 
mile  on  sleds  to  the  mill.  The  ore  passes  through  an  8  by  10  inch 
jaw  crusher  and  drops  into  a  10-ton  bin,  whence  it  is  fed  by  a  Chal- 
lenge feeder  to  a  Moyle  one-stamp  battery,  using  a  30-mesh  screen. 
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The  stamp  weighs  400  pounds,  has  a  6-iiich  drop,  and  falls  110  times 
a  minute.  The  pulp  passes  over  amalgamating  plates  to  an  C^den 
concentrator  and  is  stored  for  future  treatment.  The  concentrate 
is  shipped. 

HATHI0ON  MDmfO  CO. 

The  company  is  working  a  group  of  18  claims  and  a  fraction  on 
Resurrection  C^ek,  about  3  J  miles  from  Hope.  The  main  flow  of 
the  creek  is  carried  along  one  bank,  while  the  opposite  side  is  worked 
in  a  series  of  pits,  as  the  creek  is  wide  and  there  is  but  little  fall.  A 
48-foot  sluice,  4  feet  wide,  with  a  grade  of  7  inches  to  the  box  length, 
has  small  railroad  iron  for  riffles.  Three  or  four  No.  2  giants  are 
kept  busy,  according  to  the  stage  of  the  water,  which  is  brought  in 
under  a  350-foot  head.  The  tailing  is  washed  clear  from  the  sluices 
with  a  tailing  giant.  A  steam  shovel  has  been  at  work  for  a  few 
seasons  digging  a  7-mile  ditch  for  more  water. 

PBARSON  BROS. 

The  Pearson  Bros,  worked  a  group  of  eight  claims  on  Resurrec- 
tion Creek,  about  6  miles  from  Hope.  The  creek  water  is  carried 
in  a  ditch  along  one  bank,  while  the  creek  bed  is  worked  in  a  series 
of  pits.  The  gravel  is  5  or  6  feet  deep  and  comparatively  fcee  from 
large  bowlders.  Water  for  hydraulicking  is  brought  to  a  penstock, 
which  gives  a  fall  of  310  feet.  At  the  intake  the  hydrauUc  pipe  has 
a  diameter  of  24  inches,  which  is  reduced  to  11  inches  where  thie  water 
is  distributed  to  the  giants. 

RONAN   A  JAMR8. 

Ronan  &  James  have  a  lease  and  bond  on  the  Champion  and 
Gladiator  lode  claims  in  the  Moose  Pass  district,  where  they  installed 
a  small  arrastra  this  season. 

The  vein,  about  12  inches  wide,  strikes  N.  60^  E.  and  dips  southeast. 
A  crosscut  from  a  50-foot  shaft  taps  the  ore  85  feet  below  the  shaft 
collar.  Drifts  have  been  started  along  the  vein  at  the  crosscut  and  a 
stope  is  being  driven  to  tap  the  shaft  and  furnish  ventilation. 

8CHBBN-LBCHNER  MINB. 

Only  assessment  work  was  done  at  the  Scheen-Lechner  group 
during  the  season.  The  group  is  on  Falls  Creek,  about  4^  miles  from 
mile  post  25  on  the  Alaska  Northern  Railroad. 

ST.  LOtnS  MINING    A  TRADING  CO. 

The  company  is  working  a  group  of  placer  claims  on  Resurrection 
Creek,  about  4  miles  from  Hope.  The  creek  water  is  carried  along 
one  side  of  the  channel  while  a  series  of  pits  on  the  other  side  are 
worked  out.    Giants  wash  the  gravel  into  a  36-foot  flume,  4J  feet 
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wide,  in  which  60-poimd  railroad  iron  is  used  for  riffles.  Another 
giant  stacks  the  tailing.  A  30-inch  pipe  line,  reduced  gradually  to  1 1 
and  9  inches  at  the  giants,  brings  the  water  1}  miles  and  gives  a  fall 
of  137  feet. 

ICATANTJSKAHSUSrrNA  DI8TRI0T. 
ALASKA  FREE  GOLD  ICININO  CO. 

The  company's  property,  under  lease  to  William  Martin,  of  Seattle, 
is  on  Fishhook  Creek,  just  to  the  west  of  the  Independence. 

Several  rather  irregular  ore  bodies  have  been  opened  at  a  number 
of  different  points  without  any  special  method  of  development, 
though  connections  have  been  made  on  the  ore  from  the  east  to  the 
west  side  of  the  mountain.  The  ore  bodies  are  all  in  a  blocky  diorite, 
strike  approximately  N.  20^  W.,  and  dip  38^  to  40^  southwest. 

The  mine  workings  are  about  1,000  feet  above  the  mill,  with  which 
they  are  connected  by  three  aerial  tramways.  On  the  east  side  of 
the  mountain  a  750-foot  tram  connects  the  mine  bins  with  an  inter- 
mediate bin,  from  which  the  ore  i3  trammed  over  a  track  about  500 
feet  long  to  a  second  mine  bin.  From  here  it  is  lowered  to  the  mill 
over  a  single-span,  2,100-foot  tram.  West  of  this  a  single-span, 
2,400-foot  tram,  connects  another  set  of  mine  bins  with  the  mill,  and 
farther  west,  a  third  tram,  4,500  feet  long  with  two  towers,  connects 
another  set  of  workings  to  the  mill.  All  track  cables  have  a  diameter 
of  f  inch  and  the  haulage  and  tail  ropes  i  inch.  The  buckets  have 
a  capacity  of  approximately  450  pounds. 

At  the  mill  bins,  which  have  a  capacity  of  80  tons,  the  ore  is  crushed 
by  a  jaw  crusher  to  1^  inches  and  is  fed  automatically  to  two  10-foot 
slow-speed  Lane  mills  making  6  to  8  revolutions  a  minute.  The  size 
of  the  pulp  b  governed  by  the  height  of  discharge  and  the  amoxmt 
of  feed  water.  Quicksilver  is  fed  to  the  mills  and  the  pulp  is  spht 
into  four  parts,  going  over  5  by  10  foot  plates  set  on  a  grade  of  1^ 
inches  to  the  foot.  From  these  it  passes  over  two  Barnes  concen- 
trators to  classifiers  and  then  to  the  cyanide  plant.  The  slime  is 
impounded  for  possible  future  treatment,  and  the  concentrate  is 
shipped  to  the  smelter. 

The  cyanide  plant  comprises  four  30-ton  leaching  tanks — two  sump 
and  two  solution  tanks — the  pulp  being  given  a  4-day  treatment. 
The  gold  is  precipitated  on  zinc  shavings;  the  precipitate  is  dried, 
roasted,  and  shipped  to  the  smelter. 

Power  for  the  plant  is  furnished  by  a  10-inch  turbine  under  a  54- 
foot  head,  a  25-horsepower  and  a  IG-horsepower  gasoline  engine  all 
belted  to  the  same  shafting. 
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CACHE  CREXK  DBBDOINO  CO. 


The  dredge  erected  on  Cache  Creek  during  the  past  spring  repre- 
sents the  first  serious  attempt  at  gold  dredging  in  this  part  of  the 
Territory. 

The  bedrock  includes  slates,  graywackes,  sandstones,  and  shales, 
with  occasional  beds  of  lignite.  The  creek  is  comparatively  shallow, 
its  average  depth  being  approximately  6  feet,  so  the  dredge  has  a 
large  hull,  87  feet  long,  54  feet  beam,  and  7  feet  deep,  for  shallow 
draft.  The  planks  of  the  bottom  are  4  by  12  inches,  those  on  the 
sides  6  by  12  inches,  and  the  deck  3  by  12  inches.  The  winch  deck 
is  30  feet  above  the  main  deck  and  the  pilot  deck  is  12  feet  above  this. 
The  spuds,  made  of  wood  reinforced  with  steel,  are  44  feet  long  and 
weigh  1 1  tons  each. 

The  65  close-connected  7-foot  buckets  have  manganese-steel  lips; 
and  although  the  dredge  has  a  capacity  of  3,000  cubic  yards  in  24 
hours,  the  management  has  based  its  plans  on  an  output  of  2,000 
cubic  yards,  on  ifccount  of  the  shallow  ground  and  the  number  of 
bowlders.  The  latter  have  retarded  the  speed  of  the  dredge,  but 
have  not  proved  a  serious  hindrance,  as  they  are  not  large  enough 
to  require  special  devices  for  handling.  V^th  the  present  number  of 
buckets,  the  dredge  can  dig  30  feet  below  water  line,  though  it  prob- 
ably will  not  be  called  upon  to  work  at  anywhere  near  this  distance 
on  this  part  of  the  creek. 

The  gravel  from  the  buckets  falls  over  an  11-inch  grizzly  into  a 
48-inch  flimie,  108  feet  long.  The  grade  of  the  flume  is  adjustable, 
though  the  best  results  are  obtained  by  keeping  it  at  a  fall  of  approxi- 
mately 1}  inches  to  the  foot.  The  riffles  are  2  by  4's  capped  with 
f-inch  manganese-steel  plates  and  are  set  If  inches  apart.  A  6-inch 
centrifugal  pump  supplies  wash  water  at  the  grizzly  and  an  18-inch 
centrifugal  pumps  directly  to  the  flume.  The  buckets  are  washed 
clean  by  water  from  two  nozzles  and  the  washings  fall  to  a  save-all 
sluice  with  Hungarian  riffles.  This  sluice  is  18  inches  wide  and  set 
on  a  grade  of  1  inch  to  the  foot. 

A  feature  never  used  before  on  an  Alaskan  dredge  is  the  construc- 
tion of  rock  chutes  from  the  grizzly.  The  oversize  from  the  bars  passes 
to  a  Y.  The  branches  of  the  Y  pass  on  each  side  of  the  save-all  sluice 
and  empty  in  the  pond  aft  of  the  dredge,  where  the  rock  forms  a  dam 
and  prevents  the  fines  from  filling  the  pond  under  the  boat.  These 
chutes  are  42  inches  wide  and  lined  with  manganese-steel  plates  at 
points  of  greatest  wear. 

Power  ia  furnished  by  a  250-horsepower  Yarrow  tubular  boBer, 
using  coal  mined  locally  for  fuel.  A  150-horsepower  Reaves  engine 
drives  the  pumps  and  djrnamo,  a  125-horsepower  Lidgerwood  the 
digging  ladder,  and  a  20-horsepower  the  winches.  The  eKhaust  steam 
from  the  engines  passes  to  a  condenser. 
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A  number  of  beds  of  lignite  outcrop  on  Cache  Creek  and  its  tribu- 
taries from  which  an  ample  supply  of  fuel  may  be  had  at  low  cost. 
The  company  has  obtained  a  free-use  10-acre  permit  to  mine  coal  and 
in  the  summer  of  1916  obtained  its  supply  from  an  open  cut  about  2 
miles  from  the  dredge,  but  a  contract  has  been  let  to  drive  entries 
and  open  rooms  on  a  5-foot  bed  on  the  creek  during  the  winter,  so 
that  fuel  will  be  easily  available  at  a  convenient  point  in  the  spring. 
The  coal  burns  with  a  long  flame  almost  Uke  wood,  and  makes  a  good 
steaming  coal,  though  the  percentage  of  ash  is  high.  If  the  company 
had  not  owned  the  steam  equipment  before  the  boat  was  planned, 
the  situation  would  have  been  ideal  f  oir  electric  operation  by  the  power 
generated  at  the  point  where  the  coal  was  mined. 

After  a  short  though  successful  season,  the  only  change  planned 
on  tbe  dredge  is  a  second  bull  wheel,  so  that  the  drive  will  be  on.  both 
sides  of  the  bucket  line. 

DOHERTT  COAL  MINB. 

In  the  spring  of  1916  a  contract  was  let  by  the  Alaskan  Ilngineering 
Commission  to  R.  C.  Doherty  to  furnish  2,000  tons  for  the  use  of 
the  railroad,  and  Mr.  Doherty  opened  a  small  mine  on  the  west 
bank  of  Moose  Creek,  about  a  mile  above  the  railroad  right  of  way. 

An  800-foot  drift  was  driven  on  a  bed  which  strikes  S.  50®  W.  to  S. 
70**  W.  and  dips  40''  to  SS"*  SE.  Fifteen  feet  above  this  an  airway 
was  driven  and  rooms  were  turned  from  it.  The  100-foot  rooms 
were  20  feet  wide  with  10-foot  pillars,  but  later  rooms  were  driven 
double,  or  50  feet  wide,  with  30-foot  pillars.  They  were  driven 
along  the  bed  to  the  conglomerate  that  covers  the  outcrop  except 
in  the  creek  valley.  The  coal  is  lignitic,  and  the  bed  gives  ofF  a 
little  gas,  although  ventilation  is  entirely  natural,  except  a  small 
homemade  fan  in  the  dead  ends  has  been  used.  The  thickness  of 
the  bed  varies  from  point  to  point,  averaging  more  than  3}  feet.  A 
typical  cross  section  is  as  follows: 

Section  of  lignite  bed  on  Cache  Creek, 

MftteriaL  Thklmflss. 

Hard  aftndstone  roof.  rt.    in. 

Scaly  sandstone  with  stringers  of  coal 0    4to6 

Hard  black  coal  with  many  '^niggerheads" 1    6 

Shale  parting. 

Fairly  hard  black  coal  with  irregular  fracture  and  no  well- 
developed  cleat 1    0 

Lignite  coal  with  woody  structure 1    6    ■ 

Soft  dark  brown  shale 0    6 

Hard  sandstone  bottom. 

Several  other  partings  in  the  bed  lack  regularity.  In  places  the 
sandstone  footwall  is  replaced  by  fire  clay. 

The  coal  is  hauled  in  cars,  capacity  4  cubic  yards,  from  the  mine 
to  the  railroad  bimkers  by  a  35-horsepower  locomotive. 
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INDBPBNDENCB  GOLD  MINB8  CO. 


The  company  is  working  the  Independence,  a  lode  gold  mine,  near 
the  head  of  Fishhook  Creek,  a  tributary  of  Little  Susitna  River. 

There  are  two  veins,  the  Granite  Momitain  and  the  Independence, 
in  a  blocky  diorite.  The  strike  of  both  veins  is  approxiniately 
N.  10^  W.;  the  Independence  dips  about  40^  and  the  Granite  Moim- 
tain  0^  to  26^  SW.  The  workings  on  the  Independence  are  at  an 
elevation  of  4,650  feet;  those  on  the  Granite  Mountain  4,100;  and 
the  mill  is  at  an  elevation  of  3,650  feet.  On  the  Granite  Mountain, 
where  the  bulk  of  the  work  has  been  done,  a  drift  has  been  run  529 
feet  on  the  vein.  From  the  end  of  the  drift  an  incline,  which  flattens 
about  one-third  of  the  way  down,  has  been  sunk  480  feet  on  the  vein 
and  from  these  two  both  overhand  and  underhand  stopes  have  been 
driven  wherever  the  value  of  the  ore  warranted.  StuUs  are  used  to 
support  the  roof,  and  the  waste  is  used  for  pack  walls. 

liie  bins  on  thq  Independence  are  connected  with  the  mill  by  a 
single-span,  2,800-foot  aerial  tramway  with  f-inch  track  and  ^inch 
haulage  and  tailrope  cables.  The  Granite  Mountain  bins  are  con- 
nected to  the  mill  by  a  1,730-foot  tram  with  similar  cables.  Both 
tramways  carry  400-pound  buckets. 

At  the  mill  the  ore  passes  over  a  1-inch  grizzly  to  the  bins,  the 
oversize  going  to  a  7  by  9  inch  Dodge  crusher.  From  the  bins  it  is 
fed  automatically  to  a  Snstamp  battery  of  500-pound  stamps  and 
one  1,300-pound  Nissen  stamp.  The  practice  is  to  crush  to  40  mesh, 
using  both  inside  and  outside  amalgamation;  the  pulp  from  the  bat- 
teries flows  over  plates  set  on  a  grade  of  1  f  inches  to  tiie  foot.  From 
the  plates  the  pulp  passes  over  an  Ogden  concentrator  to  tailing 
ponds.  The  mill  capacity  will  be  increased  this  year  by  a  5-foot, 
6-inch  Denver  mill,  with  a  rated  capacity  of  30  to  40  tons  in  24 
hours  when  run  at  a  speed  of  30  revolutions  per  minute.  The  pulp 
from  this  mill  will  pass  over  amalgamating  plates  to  a  Wilfley  table 
and  be  stored  for  future  treatment. 

MABLE  HILUNO,  MINING   A  POWER  CO. 

The  company  is  opening  a  lode  mine  on  Archangel  Creek,  a  tribu- 
tary of  the  little  Susitna,  just  above  Fishhook.  Some  open  cuts 
have  been  made  and  a  drift  run  on  the  ore,  which  is  in  a  blocky 
diorite.  A  15-ton  Denver  mill  is  being  installed  about  1,200  feet 
below  the  mine  and  a  3-500-foot  tramway  with  one  tower  is  being 
erected  to  convey  the  ore  from  the  mine  to  the  crushing  plant. 

WILLOW  CREEK  MINES  CO. 

The  company  is  working  the  Gold  Bullion  mine,  on  the  divide 
between  Willow  and  Craigie  Creeks,  imder  lease  and  bond,  and  is  also 
operatmg  the  Nugget  property,  which  joins  the  Gold  Bullion  on  the 
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Willow  Creek  side  and  the  Brooklyn  Development  Co.'s  ground  on  the 
west  side  of  Willow  Creek. 

The  mine  is  situated  at  an  eleyation  of  4,500  feet  and,  as  the  vein 
is  comparatively  flat,  has  been  opened  by  a  number  of  drifts.  These 
have  been  started  where  the  value  of  the  ore  on  the  surface  warranted 
and  an  irregular  system  of  overhand  stoping  followed,  according  to 
the  size  and  value  of  the  ore  bodies.  The  roof  is  supported  by  stuUs 
and  pack  walls  built  with  the  waste.  The  vein,  which  fills  a  fissure 
in  a  grano-diorite,  varies  from  8  inches  to  7  feet  thick,  has  an  average 
strike  of  S.  10°  E.,  and  dips  approximately  14°  NW.  Through  the 
diorite,  which  is  rather  blocky,  are  niunerous  quartz  stringers,  some  of 
which  are  large  enough  and  contain  enough  gold  to  be  profitable 
mining. 

Owing  to  the  nature  of  the  Ore  bodies,  the  mine  bins  are  connected 
by  a  light  aerial  tramway,  which  can  be  easily  moved,  with  inter- 
mediate bins,  and  there  are  connected  to  the  mill  by  an  aerial  tram- 
way of  more  substantial  construction.  The  mine  bins  are  700  feet 
above  the  intermediate  bins  and  the  latter  800  feet  above  the  mill. 
One  2,500-foot  span  connects  the  mine  and  intermediate  bins  with 
three-fourth-inch  track  and  one-fourth-inch  haulage  and  tail-rope 
cables  which  carry  two  5-cubio-f  oot  buckets.  This  tram  runs  entirely 
by  gravity.  The  line  from  the  intermediate  bins  to  the  mill  is  3,800 
feet  in  length  with  seven  towers.  The  track  cables  are  seven-eighths 
of  an  inch  in  diameter,  the  haulage  and  tail  rope  one-fourth  inch, 
and  the  buckets  contain  7  cubic  feet.  For  a  short  distance  of  the 
bucket  travel  it  is  necessary  to  use  a  small  amount  of  power.  As 
the  mine  is  far  above  the  timber  line  it  is  necessary  to  send  up  aU 
mine  timbers  as  well  as  supplies  for  the  mine  camp  over  these 
tramways. 

At  the  mill  the  ore  goes  over  a  7  by  9  inch  Blake  crusher  to  bins 
having  a  working  capacity  of  160  tons,  from  which  it  is  fed  to  the 
stamps  by  Challenge  feeders.  There  are  three  batteries,  two  5-stamp, 
and  one  2-stamp,  which  crush  the  ore  to  one-half  millimeter,  using  a 
diagonal  slot  screen.  Seven  of  the  stamps  weigh  1,050  poxmds  each, 
the  others  850  pounds,  but  these  will  probably  be  increased  in  weight 
at  a  later  date.  They  fall  6  inches  and  drop  105  times  per  minute. 
Both  inside  and  outside  amalgamation  is  used.  From  the  batteries 
the  pulp  flows  over  standard  5  by  10  foot  plates  set  on  a  grade  of  1^ 
inches  to  the  foot.  The  pulp  is  carried  by  launders  to  a  hydraulic 
classifier,  the  oversize  going  to  a  second  classifier,  the  spigot  product 
to  a  Wilfley  table.  The  overflow  from  the  second  classifier  is  sent  to 
the  slime  pond  for  storage  and  the  spigot  discharge  to  a  second 
Wilfley.  The  Wilfley  concentrate  is  treated  on  the  ground  or  shipped 
to  the  Selby  smelter,  according  to  its  value.  The  sand  is  pumped  to 
the  cyanide  plant,  which  consists  of  five  30-ton  leaching  tanks,  two 


42  MINING  IN'  ALASKA  IN'  1916. 

sump  tanks,  one  make-up  and  one  storage  tank.  The  pulp  is  given  a 
four-day  treatment  and  the  gold  precipitated  on  zinc  shavings.  The 
precipitate  is  4ried;  roasted,  and  shipped  to  the  Selby  smelter. 

The  power  for  the  mill  is  furnished  by  a  12-inch  reaction  turbine 
under  a  26-foot  head  with  a  12Tfoot  draft  tube.  A  2,000-faot  pipe 
line,  consisting  of  four  sections  500  feet  each  of  8,  7, 0,  and  5  inch  pipe, 
is  being  laid  to  furnish  additional  power. 

This  spring  the  mine,  intermediate,  and  mill  bins  have  been  enlarged 
and  the  five  850-pound  stamps  added  to  the  equipment,  giving  the 
plant  a  capacity  of  approximately  40  tons  per  24  hours. 

FLACBB  MINING. 

Placer  prospects  may  be  found  scattered  over  a  laige  part  of  this 
district,  but  the  most  productive  localities  are  on  Cache  and  Valdez 
Creeks. 

On  Cache  Creek  the  laiges.t  operator  is  the  Cache  Creek  Di^edgin^ 
Cq.,  previously  described.  The  Thunder  Creek  Mining  Co.  operatea 
three  plants — one  on  Falls,  one  on  Windy,  and  one  on  Thunder 
Creeks,  all  tributaries  of  Cache. 

On  Thunder,  a  comparatively  short  creek,  work  was  carried  forward 
near  the  lower  .end  and  center  of  the  claims.  The  gravel,  being  shal- 
low (2  to  4  feet  deep),  was  sluiced  ofF  in  a  series  of  pits  in  each  section 
with  3-inch  nozzles.  The  method  of  operation  was  to  set  the  sluices, 
which  were  20  inches  wide,  on  a  grade  of  5  inches  to  12  feet  in  a 
worked-out  pit.  A  small  wing  dam  was  built  at  the  upper  end  of  the 
sluice  and  a  pit  100  to  150  feet  long  and  about  40  feet  wide  worked 
out.  The  sluices  were  then  moved  to  the  opposite  side  of  the  creek 
and  the  gravel  there  washed  oflF.  The  boxes  were  then  moved  for- 
ward and  the  bedrock  of  one  of  the  first  pits  shoveled  while  the  cycle 
was  repeated  on  the  gravel  above. 

On  Windy  Creek  the  Thunder  Creek  Mining  Co.  operated  two 
4-inch  giants  under  a  226-foot  head  against  a  225-foot  bank  of  gravel. 

The  other  operators  of  this  locality  were  Tesmer  &  Beidermann  and 
William  Peterson,  on  Cache  Creek;  Bubb  &  Bahem,  on  Dollar  Creek; 
Ebheart  &  Anderson,  McElroy  &  Remmer,  J.  C.  Punk,  and  A.  A. 
Adams,  on  Falls  Creek;  Gage  &  Mack,  on  Thunder  Creek;  Harper 
Bros.,  Smith  &  Hogan,  Hugh  Price,  and  Carl  Raymond,  on  Nuggot 
Creek;  Weatherall  &  Andresen,  on  Gold  Creek;  Chris  Hamersmith 
and  William  Gredaken,  on  Bh-d  Creek;  Frank  Jenkins,  John  Rice,  and 
Chris  Hansen,  on  Willow  Creek;  Kast,  Nelson  &  Larson,  on  Poorman 
Creek;  Richard  Richardson,  on  Ramsdyke  Creek;  Francis  &  Foster, 
on  Long  Creek;  Van  Eiderstein,  on  Peters  Creek;  Wolf  &  Maloche,  on 
Spruce  Creek;  and  John  Gray,  on  Treasure  Creek. 

On  Valdez  Creek  the  largest  operations  were  carried  on  by  the  Val- 
dez Cieek  Placer  Mines  Co.,  which  has  been  installing  a  hydraulic 
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plant  and  pieparing  for  work  on  a  laige  scale  for  the  past  few  years. 
Clark  Duff  and  C.  J.  Carlson  operated  in  a  small  way  in  the  same 
district.    A  number  of  others  did  assessment  work  on  their  holdings. 

PBINCE   WILLIAM   SOUND. 
ALASKA  MINB8  CORPORATION. 

The  corporation  operates  the  Schlosser  property,  about  three- 
fourths  of  a  mile  from  the  beach,  on  the  south  side  of  Fidalgo  Bay. 
The  ore,  chalcopyrite  mixed  to  a  greater  or  lees  extent  with  massive 
iron  sulphide,  is  found  in  lenses  along  a  shear  zone  which  vary  in  size 
but  have  a  fairly  consistent  strike  of  N.  20^  E.  and  are  nearly  vertical. 

The  property  has  been  opened  by  drifts  on  four  levels,  the  third  or 
tram  level  being  at  an  elevation  of  796  feet.  The  fourth  level  is  138 
feet  below  the  third,  the  second  is  129  feet  above  it,  and  the  first  76 
feet  above  the  second.  More  or  lees  stoping  has  been  done  on  all  the 
levels  and  connections  have  been  made  between  the  third  and  second. 

A  600-ton  ore  bunker  has  been  erected  at  the  wharf  and  connected 
to  the  mine  by  an  aerial  tram.  The  diameters  of  the  cables  are  five- 
eighths,  seven-eighths,  and  li  inches,  respectively,  for  the  traction, 
empty  track,  and  loaded  track  cables. 

AUCB  MINBS  {VTD.). 

The  property  of  the  Alice  Mines  (Ltd.)  is  situated  on  the  north 
shore  of  Shoup  Bay.  The  fissure  crosses  a  slate-graywacke  series 
with  a  strike  of  N.  62^  W.  and  a  dip  of  20"*  to  80''  S.  The  vein  is  6 
inches  to  2^  feet  wide.  It  has  been  opened  by  a  250-^oot  drift  and  a 
170-foot  shaft,  the  bottom  of  which  is  100  feet  below  the  drift  level. 
From  the  bottom  of  the  shaft  drifts  have  been  driven  60  feet  in  each 
directiiHi  along  the  vein. 

The  property  is  equipped  with  an  8  by  10  inch  twin-cylinder  steam 
hoist,  100-horsepower  boiler,  a  compressor  with  a  capacity  of  360  cubic 
feet  of  free  air  per  minute,  machine  drills,  pumps,  and  electric  light- 
ing  plant. 

BANNBR  HINB. 

The  Banner  group  of  claims  on  the  south  shore  of  Bettles  Bay,  a 
small  body  of  water  off  Port  Wells,  has  been  developed  by  C.  Chris- 
topher, under  bond,  during  the  year.  The  vein  is  a  fracture  2sone  in 
a  siliceous  dike,  which  strikes  northeast  and  dips  steeply  northwest, 
the  broken  material  being  cemented  with  gold-bearing  quartz.  A 
drift  has  been  driven  along  the  ore,  which  varies  from  1  to  6  feet  wide, 
for  about  200  feet.  It  is  planned  to  iostall  a  miU  and  mining 
machinery  in  the  spring. 
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CUFF  IONS. 


At  the  CliflF  mine,  on  the  north  shore  of  Port  Valdez,  about  12  miles 
from  the  town  of  Valdez,  two  drifts  were  driven  above  the  old  work- 
ings and  a  raise  started  to  connect  them.  The  ore  from  this  develop- 
ment was  hauled  to  the  mill  and  crushed  whenever  a  sufficient  amount 
had  accumulated  to  warrant  starting  the  plant,  which  contains  six 
Nissen  stamps. 

CUBE  MINES  CO. 

The  company  is  developing  the  Three-in-One  and  Cube  groups  of 
claims  on  the  north  side  of  Port  Valdez. 

On  the  Three-in  One  the  vein  varies  from  2  to  8  feet  wide  and  crosses 
a  country  rock  of  graywacke.  At  an  elevation  of  1,450  feet  a  drift 
has  been  run  fbr  900  feet  in  the  vein  and  175  feet  above  this  a  drift 
has  been  driven  400  feet.  The  two  have  been  connected  by  a  raise. 
The  company  has  purchased  equipment  consisting  of  a  Buchanan 
jaw  crusher,  a  Hardinge  conical  mill,  three  Faust  tables,  and  two 
Fairbanks-Morse  25-hp.  semi-Deisel  engines,  which  will  be  installed 
at  the  property  this  winter. 

At  the  Cube  a  drift  h^s  been  driven  30  feet  on  complex  ore  con- 
taining copper,  iron^  and  gold.  It  is  planned  to  ship  this  material  to 
the  Granby  smelter  at  Anyox,  B.  C. 

ELLAMAR  MINING  CO. 

The  company  operates  the  Ellamar  mine,  at  Ellamar,  on  the  eastern 
shore  of  Vii^n  Bay,  about  20  miles  southwest  of  Valdez.  The  mine 
is  opened  on  seven  leveb  from  a  600-foot,  3-compartment,  vertical 
shaft,  crosscuts  being  driven  from  the  shaft  to  the  ore  body.  The 
outcrop  is  covered  with  water  at  high  tide,  so  a  coflPerdam  has  been 
constructed  to  prevent  flooding.  The  ore  body,  a  fracture  zone  in 
a  group  of  sedimentary  rocks,  chiefly  slates,  has  a  maximum  width 
of  100  feet,  and  is  divided  longitudinally  into  two  classes  of  ore  by  a 
layer  of  slate  which  has  an  average  width  of  4  feet.  The  northeast 
or  hanging-wall  side  is  heavy,  fine-grained  pyritic  ore  with  a  low  copper 
content  and  a  fair  value  in  gold.  On  the  foot-wall  side  of  the  date 
the  ore  contains  a  higher  percentage  of  chalcopyrite  than  on  the 
hanging-wall  side  but  its  gold  content  is  lower.  In  the  early  years 
of  operation,  when  only  the  richer  copper  ore  was  handled  at  a  profit, 
the  ore  was  mined  through  a  glory  hole  and  stopes  worked  on  the 
shrinkage  system.  For  a  few  years  after  the  old  stopes  had  been 
emptied  no  particular  method  of  mining  was  employed  but  in  1913 
a  filling  system  was  adopted  whereby  the  old  openings  were  cribbed 
and  filled  and  the  adjoining  ore  mined. 

For  the  first  few  years  the  waste  for  filling  was  obtained  from  cross- 
cuts and  raises  in  the  hanging  wall.     Owing  to  the  high  cost  of  the 
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fining  and  to  the  fact  that  there  was  considerable  methane  in  the 
graphitic  slate  of  the  hanging  wall,  which  acctimulated  in  the  raises 
and  resulted  in  several  accidents,  the  filling  system  was  changed. 
The  filling  is  now  obtained  from  a  glory  hole,  700  feet  from  the  ore 
body.  It  is  drawn  through  chutes  to  the  100-foot  level  and  hauled 
by  a  gasoline  motor  to  the  mine,  where  it  is  distributed  by  waste 
chutes  to, the  particular  workings  where  it  is  needed.  Cribbed  chutes 
are  carried  up  and  the  stopes  filled  as  the  ore  is  mined.  The  ore  is 
trammed  by  hand  to  the  shaft,  hoisted,  and  stored  in  bins  from  which 
it  is  loaded  by  an  aerial  tramway  directly  to  the  ship's  hold.  This 
year  the  work  has  been  confined  to  those  parts  of  the  mine  above  the 
third  level  and  to  diamond  drilling. 

In  the  main  power  plant  there  is  a  250-hp.  Oeary  water->tube  boiler 
and  two  70-hp.  Brownell  locomotive-type  boilers.  The  latter  are 
used  as  auxiliaries  in  case  the  Oeary  is  closed  down.  Crude  oil  is 
used  for  fuel,  the  ston^e  tank  having  a  capacity  of  1,500  barrels. 
The  hoist  is  a  10  by  12  inch,  duplex-beared,  double-loose  drum, 
Vulcan  hoist.  The  compressor  is  a  Nordberg  two-stage,  cross-com- 
pound condensing  machine  with  12  and  24  inch  steam  cylinders. 
The  air  cylinders  are  12f  and  21  inches  in  diameter  and  the  stroke  is 
36  inches.  IngersoU-Rand  jack  hammers,  stope  hammers,  and  type 
C-110  machines  are  used  underground. 

The  tramway  is  of  Brodrick  &  Bascom  design.  The  capacity  of 
the  buckets  is  14  cubic  feet  each  and  the  capacity  of  the  tram  is  200 
tons  per  hour  with  a  rope  speed  of  450  feet  per  minute.  The  diame- 
ter of  the  track  cable  on  the  loaded  side  is  If  inches,  on  the  empty 
aide  1  inch,  and  that  of  the  traction  cable  is  five-eighths  of  an  inch. 

FTOALGO  MINING  CO. 

The  company  is  operating  a  group  of  24  lode  claims  on  the  south- 
eastern shore  of  Fidalgo  Bay,  about  one-half  a  mile  from  the  beach. 

The  ore,  chiefly  chalcopyrite,  hes  in  a  shear  zone  through  slate, 
graywacke,  and  greenstone,  and  strikes  N.  30^  W.,  with  a  dip  of  67^ 
NE.  Two  drifts  have  been  driven  along  the  shear  zone  to  open  the 
ore  with  raises  through  to  the  surface.  The  ore  occiu^s  in  lenses  of 
variable  size  through  this  zone,  the  largest  so  far  opened  being  6  feet 
wide.  The  elevation  of  the  upper  drift  is  962  feet;  the  lower  one  is 
100  feet  below  this.  About  500  feet  of  track  has  been  laid  from  the 
lower  level  to  the  ore  bins,  which  are  connected  with  the  bunkers 
on  the  wharf  by  a  2,000-foot  Biblet  balanced  tramway.  The  buckets 
have  a  capacity  of  10  cubic  feet  each  and  there  are  three  towers. 
The  track  cables  are  1  inch  in  diameter  and  the  haulage  cable  three- 
eighths  of  an  inch.  The  upper  bins  have  a  capacity  of  50  tons  and 
the  lower  500  tons.  The  ore  is  hand  sorted  and  shipped  to  the  Tacoma 
smelter.    This  year  a  power  plant  has  been  installed  containing  a 
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36«-inch  Pelton  wheel  belted  to  an  Ingersoll-Sargent  comptessor 
having  a  capacity  of  385  cubic  feet  of  free  air  per  minute.  The  water 
for  the  wheel  is  conveyed  1 ,200  feet  in  a  wooden-stave  pipe,  through 
which  a  fall  of  400  feet  is  obtained.  The  upper  600  feet  of  the  line 
is  built  of  12-inch  pipe;  the  lower,  of  8*inch.  Ingersoll-Rand  jack 
hammers  are  used  underground. 

OALBNA  BAY  lUNINO  CO. 

The  assessment  work  was  the  only  development  reported  at  the 
Galena  Bay  mine,  on  the  ridge  between  Galena  and  Boulder  Bays. 

GOLD  KING  MINE. 

The  mine  near  the  head  of  one  of  the  eastern  arms  of  Colombia 
Glacier,  about  22  miles  from  Valdez,  was  operated  for  a  short  time 
the  past  season  by  the  original  owners.  There  are  several  known 
veins  on  the  property  which  cut  a  slate^aywacke  series. 

The  mill  equipment  consists  of  a  6  by  8  inch  Dodge  crusher,  a 
3^f oot  Huntington  mill,  and  a  Frue  vanner. 

GOLDEN   EAGLE  IQNB. 

Only  the  assessment  work  was  done  at  the  Golden  Eagle  group, 
near  Golden,  in  the  Port  WeUs  district.  The  property,  which 
reverted  to  the  original  owners  sometime  ago,  is  equipped  with  a 
five-stamp  mill. 

GRANBT  CONSOLIDATED  MINING,  SMELTING    A  POWER  CO.   (LTD.). 

The  Granby  company  operates  the  Midas  mine,  in  Solomon  Basin, 
across  the  harbor  from  Valdez.  The  ore,  principally  chalcopyrite  in 
a  sihcious  and  pyritic  gangue,  strikes  nearly  east  and  west,  and  dips 
approximately  45^  north.  The  ore  body,  which  varies  from  1  to  20 
feet  wide,  average  about  4^  feet,  has  been  opened  by  three  drifts, 
with  crosscuts  and  raises,  giving  over  200  feet  of  backs.  Much  of 
the  ore  is  sufficiently  high  grade  to  ship  direct  to  the  smelter,  so  the 
stopes  have  been  confined  to  these  high-grade  areas  in  the  mine, 
although  this  work  has  opened  lai^e  quantities  of  ore  of  an  excellent 
milling  grade.  It  is  planned  to  install  a  concentration  plant  at  some 
later  date. 

During  the  year  a  200-hor8epower  Diesel  engine  has  been  installed 
which  drives  a  twonatage  Ingersoll-Band  Imperial  type  air  compressor 
with  a  capacity  of  1,000  cubic  feet  of  free  air  per  minute.  Ingersoll- 
Rand,  Waugh,  and  SulUvan  machines  are  used  underground. 

A  Simile  Riblet  aerial  tramway,  with  a  capacity  of  15  tons  per 
hour,  conveys  the  ore  from  the  mine  to  the  bunkers  at  the  wharf. 
The  track  cables  are  1|  inches  in  diameter  on  the  loaded  side  and 
seven-eighths  inch  on  the  empty  side  with  a  five-eighths  inch  haulage 


MINES  AND  DISTRICTS.  47 

cable.  TbB  tram  is  driven  by  a  SO-horsepower  Foos  gas  engine.  The 
buokeiB  on  the  wharf  have  a  capacity  of  3,000  tons  and  load  directly 
on  ocean-going  vessels  with  a  belt  conveyor  driven  by  a  25-hotBepower 
gas  engine.  The  ore  is  shipped  to  the  company's  smelter  at  ^yox, 
British  Colnmbia,  on  Observatory  Inlet.  About  14,000  tons  was 
shipped  to  Anyox  during  1916.  » 

GRANITE  GOLD  MINING  CO. 

The  Granite  mine  is  about  a  mile  from  the  beach,  at  Hobo  Bay, 
on  Port  Wells.  The  vein  varies  from  1}  to  8  feet  wide,  averaging 
approximatQly  26  inches,  has  a  variable  strike,  and  dips  roughly 
45^  N.  The  fissure  cuts  a  slate-granite  contact,  so  a  part  of  the  ore 
body  is  in  slate  and  a  part  in  granite.  There  are  many  branches 
and  considerable  di£Biculty  has  been  met  in  following  the  ore. 

The  property  was  originally  opened  with  a  crosscut  to  an  inclined 
shaft  (m  the  ore,  since  which  time  a  second  crosscut  has  been  run  on 
the  mill  level  and  araise  driven  to  tap  the  bottom  of  the  shaft.  The 
level  was  opened  on  the  main  vein  at  50,  110,  150,  210,  and  350  feet, 
the  mill  crosscut  being  125  feet  below  the  latter. 

The  mill  is  in  two  parts,  ten  stamps  on  one  side  and  a  7-foot  Lane 
mill  on  the  other.  The  ore  on  the  stamp  side  passes  through  a  jaw 
crusher  to  the  bins  where  it  is  fed  automatically  to  two  Hendy  5- 
stamp  batteries,  the  stamps  weighing  1,350  pounds  each,  falling  105 
times  per  minute  with  a  6i-inch  drop.  The  ore  is  crushed  to  40-mesh 
passed  over  amalgamating  plates,  and  concentrated  on  Wilfley  and 
Deister  tables.  In  the  second  unit  the  Lane  is  followed  by  14-inch 
All]»-Oialmers  rolls,  the  pidp  going  over  plates  to  a  Wilfley  table. 
Hie  concentrate  from  both  units  is  shipped  and  the  tailings  stored. 

The  main  power  plant,  situated  on  the  beach,  contains  two  80- 
horsepower  oH-buming  boilers  which  fiu-nish  steam  for  an  American 
Ball  180-hoisepower  engine.  The  latter  drives  a  160-kilowatt 
Weetinghouse  dynamo.  The  compressor  at  the  mine  has  a  capacity 
of  620  cubic  feet  of  free  air  per  minute  and  is  driven  by  a  100-horse- 
power  motor.  Underground,  Sullivan  and  Ingersoll-Rand  machines 
are  used. 

KENNBCOTT  COFFBR  COBFOBATEON. 

The  Bonanza  mine,  known  locally  as  the  Beatson  or  Latouche 
property,  is  owned  by  the  Kennecott  Copper  Corporation.  The 
property  is  situated  at  Latouche  on  the  western  side  of  Latouche 
Island  near  the  northern  end.  The  ore  is  chalcopyrite  in  an  altered 
slate  and  graywacke  associated  with  considerable  pyrrhotite.  The 
mine  has  been  opened  by  a  main-haulage  level,  with  crosscuts  through 
the  ore  body;  a  100-foot  level  below  this,  three  bluff  levels  at  varying 
intervals  above,  and  a  glory  hole.    The  latter  is  roughly  100  by  400 
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feet  in  extent  and  is  connected  by  raises  to  the  haulage  level,  as  are  the 
bluff  levels  above. 

During  the  summer  the  bulk  of  the  ore  mined  is  blasted  from  the 
face  of  the  bluff  into  the  glory  hole,  where  it  is  bulldozed  and  drawn 
through  to  the  haulage  level.  When  the  weather  becomes  too  in- 
clement to  work  outside  the  ore  is  drawn  from  stopes  underground, 
which  are  worked  on  the  full-breast  system,  only  enough  ore  being 
drawn  from  the  stope  to  give  headroom  for  the  machines.  The 
broken  ore  passes  over  heavy  grizzlies  through  bulldozing  chambers 
before  it  enters  the  chutes  and  is  reduced  to  a  convenient  size  before 
being  drawn  into  the  cars.  Some  of  the  ore  is  shipped  direct  to 
Tacoma  but  the  larger  portion  goes  to  the  concentration  plant. 

In  the  mill  the  ore  passes  from  a  rotary  coarse  crusher  to  a  Symons 
disk  machine  from  which  it  is  distributed  by  a  conveyor  belt  to  the 
bins.  From  these  it  passes  to  a  Marcy  mill,  where  it  is  ground  to  40 
mesh.  It  is  next  classified,  the  oversize  going  to  Hardinge  mills 
after  which  it  unites  with  the  imdersize  and  passes  to  the  flotation 
units.  Following  these  is  a  Dorr  thickener  and  an  Oliver  filter  press, 
the  concentrate  being  dried  in  a  Ruggles-Cole  drier  before  it  is 
shipped  to  the  smelter  at  Tacoma.  The  plant  has  a  capacity  of  750 
toils  per  24  hours  but  this  is  to  be  doubled  in  the  near  future. 

The  steam  plant  consists  of  three  305-horsepower  Erie  City  water- 
tube  boilers,  using  crude  oil  for  fuel,  which  is  stored  in  one  5,000  and 
one  25,000  barrel  tank.  Two  625  Westinghouse-Parsons  turbines 
supply  electricity  for  the  mill  and  mine  pumps. 

Several  types  of  IngersoU-Rand  and  Sullivan  machines  are  used 
undei^ound,  the  air  being  supplied  by  an  IngersoU-Rand  two- 
stage  compressor,  which  has  a  capacity  of  720  cubic  feet  of  free  air 
per  minute.  The  latter  is  driven  by  a  122-horsepower  McEwen 
engine. 

LANDLOCK  BAT  COFFER  CO. 

The  company  owns  a  group  of  seven  lode  claims  on  the  south 
side  of  Landlock  Bay.  The  four  ore  zones,  chalcopyrite,  occupy  shear 
zones  through  slate,  graywacke,  and  greenstone.  On  the  west  side 
of  the  ridge  on  which  the  claims  are  located,  two  crosscuts  have 
intersected  the  ore,  and  shallow  winzes  are  sunk  on  the  ore  bodies.  A 
wharf  and  800-ton  bunkers  have  been  constructed  near  the  entrance 
to  the  lower  crosscut,  which  is  about  80  feet  above  the  sea  level, 

MINERAL  KING  UINn^O  CO. 

The  company  has  been  installing  a  10-stamp  mill  this  season  at 
its  property  about  a  mile  east  of  Settles  Bay,  on  Port  Wells.  There 
are  three  gold-bearing  veins  on  the  property,  but  except  for  a  few 
open  cuts  the  exploration  work  has  been  confined  to  one.  This 
vein,  which  cuts  a  slate-graywacke  series,  strikes  N.  ^O""  W.  and 
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dips  53^  NE.  Its  width  yahes  from  6  inches  to  4  feet,  with  an  aver- 
age of  18  inches.  A  shaft  has  been  sunk  1 10  feet  on  the  ore  and  drifts 
run  on  the  vem  about  200  feet  from  the  100-foot  point.  The  property 
is  equipped  with  a  16-horsepower  boiler  and  a  12-horBepower  hoist. 
The  mine  is  at  an  elevation  of  700  feet  and  a  mill  site  has  been  staked 
on  the  flat  near  tidewater,  where  water  is  available  for  power. 

RAMSBT-RUTHERFORD  MINING  CO. 

The  company  is  operating  a  high-grade  lode  gold  property,  about 
11  miles  northeast  of  Valdez.  The  property  is  situated  on  a  ridge 
east  of  the  main  Valdez  glacier,  at  an  elevation  of  3,500  feet.  The 
ore  vein  varies  from  1  to  several  feet  in  width,  strikes  northwest 
and  dips  70^  to  80^  NE.  It  was  originaUy  opened  with  a  shaft  and 
crosscut  to  one  of  the  upper  levels.  Since  that  time  a  crosscut  on 
the  level  of  the  miU  has  been  driven  742  feet  to  tap  the  vein  at  the 
300.  Levels  are  now  opened  on  the  50,  100,  150,  and  300  foot  points, 
an  the  ores  passing  down  the  main  raise  to  the  crosscut  level, 
whence  it  is  trammed  to  the  mill. 

At  the  mill  the  ore  passes  over  a  l^inch  grizzly,  the  oversize 
going  to  a  7  by  9  inch  Blake  crusher,  drivffli  by  a  lO-horsepower 
Foos  gasoline  engine.  From  the  bins  the  ore  is  fed  to  a  5-stamp 
Heady  mill  by  a  ChaUenge  feeder  and  is  crushed  to  40  mesh.  The 
stamps  weigh  1,000  pounds  each,  have  a  6-uich  drop,  and  fall  about 
110  times  a  minute.  The  pulp  flows  over  amalgamating  plates  to 
a  Diester  table,  which  is  driven  by  a  3-horsepower  gasoline  engine. 

Power  is  furnished  to  the  stamps  by  a  20-horBepower  Foos  engine. 
Another  20-horsepower  Foos  drives  a  9  by  11  inch  compressor  to 
furnish  air  to  the  machines  underground. 

REYNOLDS  ALASKA   DEVELOPMENT  CO. 

The  company  operates  the  Iron  Mountain  property  at  Horseshoe 
Bay,  on  Latouche  Island.  The  lode  is  a  large  low-grade  copper- 
bearing  ore  body  which  strikes  N.  30®  E.  and  dips  65°  W.  It  has 
been  opened  by  three  drifts  and  a  2-compartment  vertical  shafts 
which  is  down  110  feet.  A  hydroelectric  plant  developing  100  kilo- 
watts supplies  power  for  the  hoist,  compressor,  pump,  and  lighting. 

BE  A  COAST  MINE. 

A  lOnstamp  mill,  hydroelectric  plant,  and  aerial  tramway  were 
erected  at  the  Sea  Coast  gold  property  on  Shoup  Bay  by  parties  who 
had  a  bond  on  the  groimd  but  who  gave  up  their  option  late  in  the 
season. 

SEALEY-DAVIS  MINING   CO. 

The  company  owns  a  group  of  13  lode  claims,  bordering  on  the 
eastern  shore  of  Shoup  Bay,  about  14  miles  from  Valdez.    The  ore 
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^^J9  Ck  gold-bearing  fissure  vein  which  cuts  a  slate-graywacke 
series,  strikes  N.  50^  W.  and  dips  61^  SW.  It  has  been  opened  by 
a  60-foot  open  cut,  two  drifts,  and  a  crosscut,  giving  a  total  depth 
of  about  450  feet  on  the  vein.  The  average  width  of  the  vein  through- 
out the  woridngs  is  about  42  inches. 

BWEBP8TAKE  MINING  CO. 

The  Sweepstake  group  is  situated  at  the  upper  end  of  College 
Fiord,  a  long  ann  at  the  northern  end  of  Port  Wells.  The  company 
has  run  a  drift  150  feet  on  the  gold-bearing  quartz  lode,  which  varies 
from  18  inches  to  4  feet  in  width.  The  strike  is  N.  65^  W.,  the  dip 
practically  vertical,  and  the  elevation  of  the  drift  750  feet.  The 
country  rock  is  slate  and  graywacke. 

An  1 ,800-f  oot  balanced  aerial  tram  and  a  mill  were  under  construc- 
tion at  the  property  this  fall.  The  buckets  will  have  a  capacity  of 
500  pounds  each.  The  mill  is  a  two-stamp,  three-face  dischuge 
Hammond  Manufacturing  Co.  plant,  the  stamps  weighing  1,250 
pounds  each.  The  pulp  will  be  passed  over  amalgamating  plates  to 
concentrating  tables. 

THOMA8-CULB088  MINING  CO. 

The  company  is  operating  a  group  of  six  lode  claims  on  Culross 
Island,  at  Thomas  Bay,  though  the  work  this  year  has  been  greatly 
hampered  by  litigation.  The  vein  is  quartz,  carrying  gold,  silver, 
chalcopyrite,  and  gal^ia,  and  varies  in  width  from  1  to  5  feet.  It  is 
nearly  vertical  and  strikes  N.  15^  E.  A  number  of  open  cuts  have 
been  made  along  the  outcrop  and  a  crosscut  driven  150  feet  to  intei> 
sect  the  vein  along  which  a  drift  has  been  nm  250  feet.  This  season 
the  company  has  been  installing  a  10-foot  Lane  mill  on  the  beach 
and  a  tram  to  connect  the  mine  and  plant,  which  will  be  driven  by 
water  power. 

THREE  MAN  MINING  CO. 

The  company  owns  about  40  lode  claims,  tributary  to  Landlock 
Bay.  The  main  group,  known  locally  as  the  Dickey  claims,  is  at 
the  head  of  the  bay ;  the  Alaska  Commercial  group  is  a  littie  to  the 
west  of  these,  and  the  Montezmna  group  is  on  Copper  Moimtain. 

The  ore  bodies  at  the  Dickey  group  lie  in  shear  zones  in  a  slate- 
graywacke-greenstone  series,  have  a  general  west-northwest  strike, 
and  dip  45®  to  90**  north.  They  have  been  opened  on  iSve  levek, 
with  over  2,000  feet  of  development. 

The  ore  is  carried  on  a  short  jig-back  aerial  tram  from  the  lower 
openings  to  the  bunkers  on  the  wharf.  The  bunkers  have  a  capacity 
of  800  tons.. 
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VALDBZ  GOLD  CO. 

The  Cameron-Johnson  Gold  Mining  Co.  has  been  reorganized  as 
the  Valdez  Gold  Co.  The  property  consists  of  23  lode  and  3  placer 
claims,  about  4}  miles  from  Shoup  Bay  in  an  air  line,  and  20  miles 
from  Yaldez  by  way  of  Shoup  Bay.  The  claims  are  situated  in  a 
glacial  valley  formerly  occupied  by  an  arm  of  the  Shoup  Glacier. 

A  number  of  veins  have  been  discovered  on  the  property,  both  in 
the  valley  and  on  the  ridge  above  it,  and  a  deep  crosscut  has  been 
started  to  intersect  these.  An  aerial  tram  and  lOnstamp  mill  have 
been  installed. 

yAIJ>BZ  MINUfG  CO. 

The  Valdez  Mining  Co.  let  contracts  for  the  performance  of  the 
aaseesment  work  on  its  property,  which  is  several  miles  north  of 
Valdez,  on  the  western  side  of  the  Valdez  Glacier. 

T0KON  BASIN.** 
FAUKBANKS  OISTUCT. 

The  f  laiibankB  diBtrict  was  visited  during  June  and  July  and  81  placer  mines  and 
10  quarts  mines  were  inspected.  There  were  650  men  employed.  In  addition  to  the 
mines  visited  there  were  several  other  smaller  operations  on  creeks  in  the  district 
which  would  possibly  bring  the  number  of  men  employed  in  the  mines  up  to  800. 
The  value  of  ^e  gold  output  was  $1^75,000,  of  which  $1,725,000  was  recovered  from 
the  placer  mines  and  about  $50,000  from  the  quartz  lodes.  The  distribution  of  the 
output  was  about  as  follows: 

Ghatanib,  deary  Creek,  and  tributaries $325, 000 

Fairbanks  Creek 200, 000 

Little  Eldorado 120, 000 

Dome  Creek 175, 000 

Pedro  and  Twin  Creeks 225. 000 

Qoldstream  and  Engineer  Creeks 300,000 

Estor,  Gold  Hill,  Happy,  and  St.  Patrick  Creeks 250,000 

Vault  Creek 40,000 

GOmore  Creek 40. 000 

Bmallwood,  Fish,  Big  Eldorado,  and  other  local  creeks 50, 000 

Gold  from  quartz  lodes,  Fairbanks  r^on 50, 000 

$1, 775, 000 

Other  districts  whose  trade  and  gold  are  handled  through  the  Fairbanks 

banks: 

Hot  Springs $750,000 

Tolovana 700,000 

Tend^oot,  Kantishna,  and  outlying  districts 75, 000 

1,525,000 

Antunony,  tungsten,  and  other  metals,  about 200,000 

200,000 

Total  mineral  output 3,500,000 

During  14  years  the  Fairbanks  district  has  produced  gold  to  the  value  of  about 
$69,800,000,  of  which  the  placer  mines  have  produced  $68,740,000.  Lode  mining  was 
begun  in  1910  and  since  that  time  has  produced  gold  to  the  value  of  $1 , 1 18 ,000.    Other 

a  Report  of  the  Territorial  mine  inspector  for  the  calendar  year  1916,  pp.  31-40. 
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minerals  produced  in  the  district  are  antimony,  tin,  scheelite  or  tungsten,  silver  and 
lead,  having  a  total  value  of  about  1312,340.  Antimony  was  first  produced  commer- 
cially during  1915  and  scheelite  during  1916.  The  first  dbipment  of  lead  ore  was  made 
during  1916.  Tin  has  been  recovered  from  the  gold  placers  in  the  Hot  Springs  district 
since  1913. 

During  the  mining  season  of  1916,  1,460  tons  of  antimony  ore  was  ahipped.  The 
laiger  part  of  this  was  recovered  from  three  mines,  namely,  the  Eagle  mine,  at  the 
head  of  Treasure  Creek;  the  Chatam  mine,  near  the  head  of  Chatam  Creek;  and  A. 
Friedriche's  mine,  on  Vault  Creek.  Several  other  properties  were  operated  in  a  small 
way  during  the  first  half  of  1916.  The  fall  in  the  price  of  antimony  during  the  mid- 
summer put  an  end  to  most  of  the  antimony  operations. 

During  the  year  1916,  255  tons  of  scheelite  ore,  containing  over  5  per  cent  tungsten 
oxide,  were  shipped  by  freight  and  6  tons  of  scheelite  concentrate,  containing  about 
65  per  cent  tungsten  oxide,  were  shipped  by  parcel  post.  The  scheelite  came  from 
three  properties. 

Two  small  shipments  of  lead  ore  were  made,  totaling  24  tons,  containing  3.67  tons 
metallic  lead  and  1 ,083  ounces  of  silver.  These  shipments  were  made  from  a  property 
situated  near  the  head  of  Cleary  Creek. 

Several  small  auriferous  lode  mines  were  operated  in  the  Fairbanks  district  during 
1916,  and  gold  to  the  value  of  about  $50,000  recovered.  Development  work  was  con- 
tinued on  a  number  of  properties.  The  completion  of  the  Government  railroad  and  the 
estabhshing  of  an  experimental  station  by  the  Bureau  of  Wnes  to  assist  in  the  develop- 
ment of  the  mineral  industry  will  stimulate  an  interest  in  lode  mining  that  is  likely  to 
develop  several  good  producing  lode  mines. 

TOLOVANA  DISTRICT. 

The  Tolovana  district  was  visited  during  July.  Seventeen  properties  were  being 
operated  at  the  time  of  visit.  The  gold-bearing  gravels  are  largely  slate,  chert,  and 
quartz.  All  of  the  17  properties  visited  were  on  the  benches  of  Livengood  Creek, 
which  extended  from  opposite  No.  1  below  Discovery  to  No.  17  above  Discovery,  a  dis- 
tance of  about  3  miles.  There  were  several  smaller  operations  on  Lillian,  Ruby,  Amy, 
and  Olive  Creeks  and  prospecting  on  Mike  Hess  Creek.  All  of  the  smaller  operations 
were  closed  at  time  of  visit  on  account  of  need  of  water  for  sluicing  caused  by  lack  of 
rain.  The  gold  from  the  deep  channels  is  dark  colored  and  bas  an  assay  value  of 
$18.75  to  $18.90  per  ounce.  The  total  value  of  the  gold  production  for  this  district 
during  the  year  was  about  $700,000.  Gas  is  encountered  in  the  deep  placer  mines  of 
this  district.  One  man  lost  his  life  on  Mike  Hess  Creek  and  three  were  burned  by  the 
ignition  of  gas  on  Livengood  Creek. 

Timber  is  plentiful  along  the  Tolovana  River.  Two  sawmills  situated  at  West  Fork 
funush  all  of  the  lumber  needed  in  this  district.  The  timber  on  Livengood  Creek  is 
small  and  scrubby.    About  250  men  were  employed  in  this  district. 

HOT   SPRINGS   DISTRICT. 

The  Hot  Springs  district  was  visited  during  July.  About  16  placer  mines,  empby- 
ing  some  300  men,  were  operated  in  this  district  during  the  year^  These  yielded  gold 
to  the  value  of  about  $750,000.  Of  this  Eureka  Creek  produced  about  $60,000,  Wood- 
chopper,  Sullivan,  and  American  Creeks,  and  their  tributaries  produced  $690,000. 
In  addition  to  gold  70  tons  of  tin  or  cassiterite  ore  were  recovered  and  58  tons  shipped 
as  a  by-product  from  the  placer  mines  operating  for  gold .  The  value  of  the  tin  ore  was 
approximately  $35,000,  making  the  total  mineral  production  of  the  district  $785,000. 
The  gold  production  for  1915  was  $610,000. 
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CIRCLB  DISTRICT. 


The  Circle  district  includes  the  Birch  Greek  district  and  the  placers  of  Woodchopper 
and  Beaver  Creeks.  It  is  estimated  that  gold  to  the  value  of  $250,000  was  produced 
from  abomb  50  mines,  employing  some  200  men.  The  largest  output  came  from  Mam- 
moth Creek,  where  a  dredge  was  operated  during  the  entire  mining  season.  Hydraulic 
mining  operations  were  continued  on  a  number  of  creeks. 

RAMPART  DISTRICT. 

Mining  continued  in  the  Rampart  district  on  about  the  sieune  scale  as  in  recent  years 
on  Hunter,  Little  Minook,  Hoosier,  Slate,  Big  Minook,  and  Ruby  Creeks.  The  district 
produced  approximately  $30,000. 

BAOLK  DISTRICT. 

Mining  operations  were  continued  in  the  Eagle  and  Seventy-mile  districts  on  about 
the  same  scale  as  in  the  previous  years.  About  $20,000  was  produced  during  the  sea- 
son 1916. 

RUBY  DISTRICT. 

The  Ruby  district  was  visited  in  August  and  16  properties  inspected.  The  prin- 
cipal creeks  are  Poorman,  Flat,  and  Spruce,  in  the  Poorman  district;  and  Long  Creek, 
in  the  Long  Creek  district.  Early  in  the  season  a  large  increase  in  the  gold  output  was 
anticipated  in  this  district,  but  the  pinching,  or  decrease  of  the  gold  values  in  the  pay 
gravel,  in  some  of  the  most  promising  claims  on  Long  Creek,  below  the  margin  of 
profitable  mining,  together  with  the  extended  drought  during  the  first  part  of  the 
season,  curtailed  the  output  considerably.  The  output  for  1915  was  $800,000.  The 
estimated  output  for  19X6  was  $840,000,  an  increase  of  $40,000  over  the  production  for 
1915.  The  completion  of  the  new  dredge  on  Greenstone  Creek  early  in  the  season 
helped  materially  to  maintain  the  output.  New  deep-underground  placer  mining 
operations  on  Birdi  and  Straight  Creeks  (one  plant  on  each  creek)  showed  considerable 
cassitmte  or  tin  ore  to  be  associated  with  the  placer  gold,  but  no  effort  was  made  to 
save  it.  It  is  not  known,  therefore,  if  there  is  enough  to  be  mined  commercially.  The 
bedrock  formation  is  granite;  the  overburden  is  80  feet  in  depth,  frozen.  Some 
cassiterite  ore  was  recovered  from  the  placer-gold  operations  on  Midnight  Creek  and 
shipped  to  Seattle.  On  Trail,  Tamarack,  Bear  Pup,  Tenderfoot,  and  Duncan  Creeks 
mimng  operations  were  continued  during  the  open  season  as  in  former  seasons.  About 
300  men  were  employed. 

The  Alaska  Road  Conmiission  expended  during  the  open  season  about  $70,000  on 
the  Ruby-Long  wagon  road,  which  will  be  of  inestimable  value  to  the  operators  and  to 
the  development  of  this  district.  The  closest  mines  are  about  30  miles  from  Ruby, 
the  nearest  landing  point  on  the  Yukon  River  where  supplies  are  landed.  The  roads 
in  the  summertime  have  been  almost  impassable,  resulting  in  freight  chaiges  being 
as  hig^  as  8  and  10  cents  per  pound  from  Ruby  to  Long  City. 

MARSHALL  DISTRICT. 

The  Marshall  district  is  on  the  Yukon  near  its  delta,  and  about  50  miles  below 
Russian  Mission.  Gold  was  found  in  this  district  in  1913,  but  until  1916  the  produc- 
tion was  very  small.  In  1916  some  rich  placers  were  developed  on  Willow  Creek,  on 
which  seven  plants,  employing  about  200  men,  were  operated  and  produced  gold 
to  the  value  of  $250,000.  There  was  a  great  influx  of  prospectors  to  this  district  before 
the  close  of  the  summer  season.  The  district  should  get  a  thorough  prospecting 
during  the  winter  of  1916-17,  and  some  very  good  discoveries  of  placer  gold  may 
be  expected.  A  hydraulic  plant  was  being  installed  on  Elephant  Creek,  and  some 
work  was  done  on  Disappointment  Creek,  and  a  small  amount  of  gold  recovered. 
Freifl^t  and  supplies  for  the  mines  are  shipped  via  the  Yukon  River  to  Marshall. 
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Marshall  is  the  principal  diatributiiig  point,  and  is  situated  abont  12  miles  from 
Willow  Greek.  From  Marshal  1  supplies  are  transhipped  by  small  boat  or  launch 
through  the  sloughs  of  the  river  delta  to  within  3  miles  of  the  Willow  Greek  camps, 
where  they  are  loaded  on  wagons  and  hauled  along  one  of  the  poorest  wagon  roads 
in  the  Territory  to  the  mines  on  Willow  Greek.  Some  development  work  was  done 
on  the  quartz  claims  near  the  head  of  Willow  Greek. 

KOYUKUK  DISTRICT. 

The  Eoyukuk  district  was  not  visited  during  1916  by  the  inspector.  The  esti- 
mated production  of  gold  for  this  district  this  season  is  $300,000.  Of  this  amount, 
about  $200,000  was  taken  from  the  deep  placers  of  Hammond  and  Nolan  Creeks, 
linda,  Gold  Myrtle,  and  other  smaller  operations  contributed  their  quota  to  the 
output.  Two  drills  Were  shipped  to  the  district  during  the  open  season.  The  esti- 
mated production  includes  the  Indian  River  and  the  Ghandalar  districts.  About 
200  men  were  employed  in  the  district. 

*  mlTAROD  DISTRICT. 

The  Iditarod  district  was  visited  during  the  month  of  August.  The  gold  produc- 
tion of  the  Iditarod  district  for  1916  was  about  $2,000,000,  an  increase  of  $150,000, 
over  the  production  in  1915. 

Eleven  placer  mines,  four  steam-scraper  plants,  and  three  dredges  were  operated. 
One  dredge  was  on  Flat  Greek,  and  one  was  on  Otter  Greek.  The  other  dredge  was 
installed  on  Black  Greek  by  the  Otter  Greek  Dredging  Go.,  but  operated  only  a  part 
of  the  season.  It  is  a  2i-cubic-foot  revolving-screen  flume  dredge,  built  by  the 
Union  Gonstruction  Go.  Power  is  furnished  by  two  50-hp.  semi-Deisel  fuel-oil 
internal-combustion  engines,  built  by  the  Scandia  Engineering  Go.,  of  Stockholm, 
Sweden.  The  two  50-hp.  Union  distillate  engines  on  the  Otter  Greek  dredge  were 
taken  off  and  replaced  with  two  50-hp.  hot-bulb  fuel-oil  Atlas  engines,  built  in 
Stockholm,  Sweden. 

Some  of  the  richest  placer  mines  in  the  district  are  situated  near  the  top  of  the 
divide  and  at  the  extreme  head  of  Flat,  Happy,  and  Ghicken  Greeks,  and  can  be 
operated  only  during  the  spring  thaw  or  very  wet  weather,  they  being  so  high,  the 
drainage  area  is  very  limited.  During  the  winter  of  1915-16  snow  fences  were  con- 
structed on  top  of  the  divide  between  those  creeks,  causing  the  snow  to  pile  up  in 
large  drifts  to  a  depth  of  over  80  feet,  which  furnished  water  for  sluicing  on  those  claims 
until  the  1st  of  August,  thereby  adding  materially  to  the  gold  output.  The  laigest 
operations  were  those  of  the  two  dredges  on  Flat  and  Otter  Greeks.  There  were 
approximately  400  men  employed  in  the  district. 

INNOKO  DISTRICT. 

It  is  estimated  that  30  mines  were  operated  in  the  Innoko  district  in  1916,  that 
about  150  men  were  employed,  and  that  gold  was  produced  to  the  value  of  approxi- 
mately $160,000.  The  principal  producing  creeks  were  Ophir,  Gaines,  Spruce,  and 
Yankee.  New  pay  was  discovered  on  the  benches,  left  limit  of  Gaines  Greek,  just 
above  the  mouth  of  Little  Greek,  which  may  prove  to  be  of  considerable  importance. 
There  was  also  some  prospecting  with  drills  on  Moore  and  Yankee  Greeks,  for  the 
purpose  of  installing  dredges.  A  discovery  of  some  importance  was  made  on  Boob 
Greek,  a  tributary  of  Madison  Greeks  which  is  a  tributary  of  Tolstoi  Greek,  a  tributary 
of  the  Dishna  River,  which  flows  Into  the  Innoko  River  a  short  distance  above  Diaha- 
kaket.  Only  a  few  thousand  dollars 'were  produced  during  1916,  but  indications 
are  that  a  very  good  output  can  be  expected  during  1917.  A  town  named  Gooper  was 
situated  at  the  confluence  of  Madison  and  Tolstoi  Greeks,  which  is  reached  in  the 
summer  time  by  boats  up  the  Innoko  River  to  the  Diahn^  River,  and  thence  up  the 
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Duhna  River  to  opposite  the  town  of  Cooper,  where  a  landing  ifl  made  and  goods 
hauled  5  milee  acrosB  country  to  the  town  on  Tolstoi  Creek.  Tolstoi  Creek  is  too 
shallow  most  of  the. open  season  for  navigation  even  by  a  small  gas  boat.  There 
should  be  some  provision  made  for  the  construction  of  wagon  roads  into  new  camps. 

KUSKOKWIM  BASIN. 

A  dredge  was  diipped  for  installation  on  Candle  Creek,  in  the  Takotna  district,  or 
upper  Kuskokwim.  It  was  to  be  shipped  to  McGiaths  during  the  summer  season  and 
hauled  from  there  over  to  Candle  Creek  during  the  spring  of  1917,  but  owing  to  the 
breaking  of  the  propeller  shaft  of  the  boat  that  was  bringing  the  dredge  machinery 
from  Seattle  to  the  Kuskokwim  and  the  boat  putting  back  to  Seattle  the  machinery 
did  not  arrive  before  the  close  of  navigation,  thus  delaying  the  installation  of  the 
dredge  for  one  year.  Good  returns  are  said  to  have  been  obtained  from  Canyon  and 
Windy  Creeks;  also  the  Aniak  district,  in  the  lower  Kuskokwim  Basin;  and  from 
Candle  Creek,  on  the  upper  Kuskokwim  Basin.  The  exact  amount  of  the  gold  output 
lor  1916  has  not  been  learned,  but  it  is  estimated  to  be  about  the  same  as  last  year, 
$100,000.    About  80  men  were  employed  in  the  open(ti<Hi  of  mines  in  the  Kuskokwim 

8EWARD  PENINSULA. 

• 

The  Seward  Peninsula  mines  produced  gold  to  the  estimated  value  of  $2,900,000  in 
1916,  which  is  the  same  as  that  of  1915.  In  addition  to  the  gold  production  there 
were  162  tons  of  tin  ore  valued  at  $81,000, 15  tons  of  scheelite  or  tungsten  ore  valued 
at  $22,000,  and  70  tons  of  antimony  ore  valued  at  $6,000,  making  a  total  mineral  pro- 
diictico  for  the  Peninsula  of  $3,009,000.  About  70  tons  of  graphite  was  mined,  but 
OQ  account  of  lack  of  transportation  facilities  to  Nome  no  shipments  were  made. 

Since  1897  the  Seward  Peninsula  mines  have  produced  gold  to  the  value  of 
$74,351,000.  Most  of  this  gold  was  taken  from  the  placer  mines,  although  from  1903 
to  1907  the  big  Hunah  Quartz  mine  produced  some  gold  and  small  amounts  have  been 
recovered  from  several  lodes  at  different  times. 

The  other  mineral  resources  of  the  Peninsula  that  have  been  developed  are  the 
Ycnrk  tin  deposits,  first  developed  in  1900;  the  antimony  deposits,  first  mined  on  a 
cammerdal  scale  in  1915;  scheelite  or  tungsten  ore,  mined  near  Nome  during  1916 
for  the  first  time  commercially;  and  a  small  amount  of  copper  has  been  shipped  from 
Kottgaiok  district  and  Pilgrim  River.  Some  graphite  has  been  mined  in  the  Port 
Clarence  and  Fairhaven  districts.  Coal  has  been  mined  in  the  Eairhaven  district  in 
a  small  way  flince  1902  for  local  consumption.  There  was  considerable  prospecting 
lor  copper,  tungsten,  and  gold  lodes  during  the  past  year. 

A  corps  of  engineers  and  geologists  investigated  the  practicability  of  putting  in  a 
hydroelectric  power  plant  in  the  Saw  Tooth  Bange  in  the  Kougarok  district,  the  pur- 
pose being  to  fumi^  power  to  the  dredges  and  lode  mines  of  the  Peninsula.  Investi- 
gntions  of  the  lode^md  gravel  deposits  were  also  made  by  the  engineers  and  geologists 
to  determine  if  they  could  dispose  of  sufficient  power  to  warrant  the  installation  of 
power  plant.  The  investigaticms  had  a  tendency  to  stimulate  interest  in  the  pros- 
pecting and  development  of  lode  mines. 

There  were  31  dredges  operated  on  Seward  Peninsula  during  the  year  1916.  There 
were  dredging  for  gold  29  dredges  and  for  tin  two.  The  two  tin  dredges  were  in  the 
York  district.  The  gold  dredges  were  situated  as  follows:  Seven  in  the  Nome  district, 
4  in  the  Solomon  Biver,  10  in  the  Council  district,  3  in  Port  Clarence  district,  3  in 
Fairhaven,  and  2  in  the  Kougarok  district.  One  new  dredge  was  installed  on  Glacier 
Greek.  One  of  the  Flodin  dredges  moved  from  Solomon  River  to  Canyon  Creek  in 
the  Caaadepaga  River  section.  Another  one  of  the  Flodin  dredges  was  purchased  by 
O.  W.  Flowers  and  operated  for  a  part  of  the  season  on  upper  Solomon  River  and  later 
in  the  seaaon  was  dismantled  preparatory  to  moving  during  the  winter  4  miles  lower 
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down  Solomon  River.  The  Mystery  Greek  dredge  was  purdiased  by  the  Northern 
Light  Mining  Co.  and  moved  from  Mystery  Greek  to  Ophir  Greek  in  tiie  Council  dis- 
trict. The  Warm  Greek  dredge,  which  was  idle  daring  1915,  was  changed  from  a 
revolving  screen  dredge  to  a  flume  dredge  and  operated  a  part  of  the  season  on  Wann 
Greek.  The  dredges  ot  the  Nome  Consolidated  Mining  &  Development  Co.  were  idle 
during  1916.  This  company  has  three  dredges  in  the  Nome  district.  The  one  on  the 
third  beach,  or  No.  8  Cooper,  was  dismantled  during  the  summer  and  fall.  £xtenaive 
alterations  are  planned  in  the  reconstruction  of  the  dredge;  also  the  oxnpietioQ  of 
the  Flat  Creek  dredge  which  has  been  partly  built  ever  since  1911.  There  were  16 
idle  dredges  in  Seward  Peninsula  during  1916.  Some  are  idle  for  the  reason  that  the 
productive  placer  ground  has  been  worked  out  and  the  cost  of  moving  a  machine  as 
large  as  a  dredge  any  distance  without  dismantling  it  is  prohibitive.  The  work  of 
dismantling,  rebuilding,  and  hauling  over  almost  impassable  roads  is  more  expensive 
than  purchasing  a  new  dredge  that  is  fitted  to  the  ground,  as  nearly  every  creek  or 
piece  of  dredgeable  ground  has  different  characteristics  either  as  to  depth  or  formation. 
A  dredge  that  is  suited  to  one  piece  of  ground  would  be  practically  worthless  on  another 
of  different  formation  and  character.  One  of  the  most  important  things  in  building  a 
dredge  is  to  know  the  depth  and  character  of  the  ground  desired  to  be  dredged.  It 
may  mean  the  difference  between  success  and  failure  of  a  gold-dredging  enterprise. 

About  65  deep  placer  mines  and  30  open-cut  plants  were  operated  on  the  Peninsula 
during  1916.  The  placers  developed  on  Dime  Greek,  a  tributary  of  the  Koyuk 
River  in  the  Council  district,  which  was  discovered  during  1915,  have  yielded  gold 
to  the  value  of  $150,000  this  year.  Most  of  this  was  extracted  during  the  winter. 
Repotted  rich  strikes  on  the  benches  of  this  creek  during  the  summer  have  caused 
added  activity  to  this  camp  and  a  material  Increase  in  the  gold  output  may  be  expected 
for  1917.  Sweepstake  Creek,  another  tributary  of  the  Koyuk  River,  has  been  a  steady 
producer  for  several  years  and  still  adds  its  quota  to  the  gold  output  of  the  Council 
district.  The  10  dredges  in  the  Council  district  have  produced  about  $600,000. 
Placer  mining  in  the  Kobuck  r^on  during  1916  continued.  The  output  was  about 
$15,000. 

The  mines  of  Seward  Peninsula  employ  about  1,100  men.  It  is  very  hard  to  get 
the  exact  number  for  the  reason  that  there  are  so  many  engaged  on  small  open-cut  or 
hydraulic  operations  in  remote  parts  of  the  Peninsula,  where  it  is  impracticable  for 
the  inspector  to  visit.  In  view  of  the  vast  territory  to  be  covered  in  a  limited  season, 
he  is  obliged  to  confine  his  inspection  to  the  principal  mining  centers.  These  small 
operations  are,  however,  conducted  on  such  a  scale  as  to  involve  little  risk  of  serious 
accidents. 

There  was  an  abundance  of  rainfall  during  the  mining  season  which  was  favorable 
to  hydraulic  mining  and  helped  to  increase  the  output  of  the  larger  hydraulic  opera- 
tions as  well  as  to  stimulate  operations  on  a  number  of  smaller  creeks  which  are 
neglected  during  dry  seasons. 

The  inaccessibility  of  a  large  part  of  the  Peninsula  through  lack  of  transportation 
budlities  IB  very  discouraging  to  prospectors.  While  the  Alaska  road  commission  has 
done  good  work  with  the  small  amount  of  funds  allotted  to  it,  yet  there  should  be  more 
and  better  wagon  roads.  This  is  of  the  greatest  importance  to  the  development  of 
the  mineral  resources  of  the  Peninsula.  A  wagon  road  from  Nome  to  Candle  through 
the  center  of  the  Peninsula  would  be  of  inestimable  value.  The  cabins  erected  along 
the  trail  between  Dahl  Creek,  in  the  Kougarok,  and  Candle  with  the  moneys  received 
from  the  Territorial  fund  were  a  great  benefit  to  the  traveling  miners  coming  to  Nome 
to  take  the  last  boats  to  the  States. 

On  account  of  the  extremely  stormy  weather  during  the  latter  part  of  1916  no  boats 
were  able  to  sail  to  the  Eotzebu  Sound,  as  only  small  gasoline  launches  make  the  trip 
with  the  exception  of  one  or  two  freight  steamers  which  take  in  supplies  during  the 
summer  and  they  are  not  allowed  to  take  passengers,  although  some  of  them  have 
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acoommodations  for  50  or  more.  The  custom  officers,  however,  will  not  allow  steam- 
ships to  take  paaseDgere  when  they  have  gasoline  aboard  and  that  was  a  part  of  the 
steamers'  cargo.  This  was  being  supplied  to  the  dredges  in  that  locality.  Peculiarly, 
thoa^,  a  small  gasoline  launch,  loaded  with  gasoline  from  stem  to  stem  and  hardly 
seaworthy,  can  take  all  the  passengers  that  can  climb  aboard.  As  many  as  52  have 
been  an  launches  that  did  not  have  accommodations  for  10.  But  such  launches  are 
welcome  conveyances  compared  to  walking  across  the  country,  it  taking  three  days  to 
walk  from  one  road  house  to  another.  Some  provision  should  be  made  allowing  large 
steamships  on  that  northern  run  to  take  passengers  between  Nome  and  those  extreme 
nofthem  towns. 

A  road  from  Davidson's  landing,  on  Marys  River,  to  Taylor  Creek  would  be  of  great 
value  to  the  upper  Kougarok.  The  road  is  already  there  but  is  impassable  during  the 
summer  season.  A  very  good  road  has  been  constructed  by  the  Alaska  Road  Com- 
mission along  the  right  limit  of  Solomon  River  from  the  ocean  beach  to  East  Fork,  on 
Solomon  River,  a  distance  of  about  12  miles.  With  very  little  added  expense  and 
work  a  good  wagon  road  could  be  built  from  East  Fork  to  Council  and  along  the  beach 
from  Bonanza  River  to  Nome,  which  would  serve  as  an  auto-truck  road  and  greatly 
benefit  the  mining  industry  of  that  section.  The  road  around  Cape  Nome  was  built 
during  the  summer  of  1915  from  the  money  received  from  the  Territorial  forest  fimd 
and  has  been  of  great  assistance  to  the  oi>erator8  of  the  Solomon  River  and  Council 
districts  during  the  summer,  as  the  extremely  stormy  weather  made  travel  by  boat 
from  Nome  to  Solomon  impossible  most  of  the  season.  Owing  to  dredges  being  made 
up  of  very  heavy  machinery,  the  moving  of  them  from  one  loodity  to  another  is  quite 
impossible  without  roads.  The  construction  of  a  wagon  road,  therefore,  from  Cuidle 
to  the  Kugruk  River  is  very  much  needed,  as  the  coal  fields  located  there  are  o 
importance  to  the  operators. 

ACCIDENTS. 

A  fairly  accurate  estimate  of  all  the  men  working  about  mills, 
dredges,  quarries,  lode,  and  placer  mines  in  the  Territory  gives  a  total 
of  9,118,  of  whom  4,194  are  employed  in  the  lode  mines,  mills,  and 
quarries  and  4,924  about  the  placer  mines  and  dredges.  In  the  lode 
mines  approximately  2,796  are  ilndei^ound  and  1,398  are  surface 
employees.  In  the  placers  the  number  of  both  surface  and  under- 
ground men  approximate  50  per  cent  of  the  whole.  Of  the  surface 
employees  at  the  lode  mines,  about  925  were  engaged  in  miUs  or 
metallurgical  plants. 

The  mining  operations  throughout  the  Territory  are  so  scattered 
and  the  facilities  for  traveling  so  limited  that  it  is  impossible  for  the 
Federal  inspector's  office,  with  its  meager  personnel;  to  cover  the 
districts  more  than  superficially,  hence  the  collection  of  data  relating 
to  mine  accidents  depends  largely  on  the  care  of  the  operators  in 
sending  in  reports.  In  presenting  data  thus  gathered,  there  is  a 
tendency  to  exaggerate  the  number  of  accidents  at  mines  under  the 
control  of  operators  who  report  all  accidents  and  to  minimize  those 
at  mines  where  the  operator  neglects  to  make  the  proper  reports. 

The  information  covering  fatal  accidents  is  fairly  accurate  for  all 
branches  of  the  industry;  that  for  serious  accidents  is  representative 
for  the  lode  mines  but  poor  for  the  placers;  and  that  for  slight 
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accidents  fair  for  the  lode  properties  but  absolutely  laddng  for  the 
placers.  For  the  sake  of  greater  accuracy  in  tabulating  this  infor- 
mation, the  totals  for  serious  and  slight  accidents  are  taken  from 
the  annual  reports,  which  differ  slightly  from  the  totals  of  the  indi- 
vidual reports.    The  accidents  were  distributed  as  follows: 

AcddeTits  at  mines  in  Alaska  during  1916, 
Fatalities: 

Lode  mines — 

Underground 19 

Surface 3 

Total  lode 22 

Metalluigical  plants 0 

PJacer  mines — 

Underground 5 

Surface 2 


Total  placer. 


i 


Total  fatalities 29 

Serious  accidents: 
Lode  mines — 

Undeiground 116 

Surface «50 

Total  lode 166 

Metallurgical  plants 18 

Placer  mines — 

Undeiground 15 

Hydraulicking - 

Dredging ' 

Total  placer 24 

Total  serious  accidents 20S 

Slight  accidents: 
Lode  mines — 

Undeiground 331 

Surface *1^5 

Open  pit ^ 

Total  lode ^ 

Metallurgical  plants 1^ 

Placer  minesi 

Total  slight  accidents ^'^ 

The  accident  ratios,  figuring  the  lode  mines  as  operating  the  entire 
year,  and  the  placer  mines  as  operating  6  months,  are  as  follows: 

In  lode  and  placer  mines fatalities  per  1,000  men  employed. .  ^ ^'^ 

In  lode  mines,  underground do.  -  -  •  ^-  '^ 

In  lode  mines,  surface do —  ^ ^^ 

In  placer  mines,  underground do —  ^"^ 

In  placer  mines,  surface do.  -  •  -  ^•^'^ 

a  Exclusive  of  metallurgical  plants. 
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In  lode  mines,  undeiground serious  per  1,000  men  employed . .  41.  487 

fn  lode  mines,  surface  (exclusive  of  metallurgical  plants) do 105.  708 

In  metallurgical  plants do 19. 459 

In  lode  mines,  undeiground slight  per  1,000  men  employed . .  118.  383 

In  lode  mines,  surface  (exclusive  of  metallurgical  plants) do 285. 412 

In  metallurgical  plants do 117. 838 

The  ratios  for  setious  and  slight  accidents  at  the  placer  mines  are 
not  given,  as  they  would  be  misleading  on  account  of  their  incom- 
pleteness. 

It  is  impossible  to  place  the  exact  responsibiUty  for  mine  accidents. 
The  classification  used  by  the  inspectors  of  the  Union  of  South  Africa 
has  been  adopted  for  this  report,  as  shown  in  the  following  table,  the 
percentage  error  of  which  is  comparatively  small: 

ResponsibiHty  for  accidents  in  AUuka  during  1916. 


I 
2 

3 


4 
5 

e 

7 


Per  cent. 
51.734 


Danger  Inherent  to  work  or  misadventure 

DefBctive  pl^t  or  material 

FUilt  of  injured  person: 

ia)  Carelessness 
6S  ^oranoe 
c)  Disobedience  of  orders 

Fault  of  management 10.346 

Faolt  of  foremen 

Fault  of  others  (fellow  workmen) '       3. 448 

Joint  fault  of  items  3, 4, 5,  and  6 


20.69 
3.448 
6.897 


I 


Total. 


100 


Percent. 
42.038 
6.360 

40.127 

.637 

1.274 
1.274 
6.096 
3.185 

100 


The  proportion  of  accidents  due  to  carelessness,  both  fatal  and 
serious,  is  shown  to  be  very  large.  Large  as  these  figures  seem, 
they  are  probably  too  small,  as  many  of  the  accidents  due  to  falls  of 
rock  had.  to  be  classified  under  "Danger  inherent  to  work,"  whereas 
if  complete  data  had  been  available  it  would  be  shown  that  they 
could  have  been  avoided  by  proper  caution.  If  foremen  and  other 
men  occupying  responsible  positions  were  required  to  hold  certifi- 
cates of  competency  which  could  be  revoked  for  cause,  the  accidents 
due  to  careless  methods  would  be  minimized. 

BECOKMBNDATIONS. 

The  following  recommendations  are  offered  as  a  means  of  reducing 
the  number  of  accidents  and  improving  conditions  in  the  mineral 
industry  throughout  the  Territory: 

RULES  GOVERNINO  10-ACBE  LEASES  NEEDED. 

Rules  and  regulations  governing  the  operation  of  mines  on  land 
covered  by  the  free-use  10-acre  pennits  should  be  issued  and  before 
a  permit  is  granted  the  applicant  should  supply  evidence  that  he  is 
familiar  with  the  operation  of  coal  mines  and  their  ventilation  or 
that  he  will  place  a  competent  man  in  charge. 
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APPEOPKIATION   FOB   SURVEYING   COAL  LAND   NECESSARY. 

Isolated  tracts  of  coal  lands  not  covered  by  present  surveys  should 
be  surveyed.  Under  the  present  law  an  operator  can  obtain  only  10 
acres  of  coal  land  outside  the  surveyed  areas  and  this  under  the  re- 
striction that  the  coal  mined  shall  be  used  locally.  A  specific  instance 
of  the  need  of  surveys  is  aflForded  by  the  Happy  Valley  Coal  Co., 
which  obtained  a  free-use  lO-acre  permit  to  mine  coal  on  a  tract  of 
land  near  Bluff  Point,  on  Cook  Inlet,  and  made  application  for  a  larger 
lease  that  it  might  open  a  mine  large  enough  to  supply  coal  to  empty 
freight  vessels  returning  to  Portland,  Oreg.  The  application  had  to 
be  denied  as  there  were  no  fimds  available  for  a  survey,  although 
these  surveys  are  authorized  by  the  coal  leasing  act  of  1914.  In 
consequence  the  company  was  restricted  to  a  local  market,  vessels 
were  deprived  of  return  freight,  and  the  coast  market  denied  a 
cheap  fuel. 

BUREAU   OP  MINES   INSTRUCTION    SHOULD    BE   EXTENDED  TO  ALASKA. 

The  Bureau  ot  Mines  should  have  specific  authority  to  assign 
first-aid  miners  to  the  Territory  of  Alaska  in  order  to  offer  the  miners 
of  this  Territory  the  same  advantages  as  those  in  the  States.  The 
remoteness  of  many  of  the  mines  and  the  lack  of  facilities  for  rapid 
travel  make  this  doubly  necessary. 

DEPUTY  INSPECTORS  SHOULD  BE  APPOINTED. 

The  appropriation  to  the  Bureau  of  Mines  for  mine  inspection  in 
Alaska  ^oidd  be  increased  to  provide  for  office  rental,  the  purchase 
of  technical  equipment,  and  the  employment  of  at  least  four  deputy 
inspectors. 

Table  1. — Accidents  in  all  Alaskan  metal  mines  and  metallurgical  plants  during  the 

year  ended  Dec.  Sly  1916. 

METALLURGICAL  PLANTS  (ORE-DRESSING  AND  MILLING). 


Number  IdHed  or  Iniured  by  - 

1.  Haulage  system  (cars,  motors,  etc. ) 

2.  Railway  cars  or  locomotives 

3.  Crushers,  rolls  or  stamps 

4.  Tables, Jigs,  etc 

fi.  Other  machinery 

6.  Falls  of  persons 

7.  Sufiocatlon  in  ore  bins 

8.  Falllnff  objects  (rocks,  timbers,  etc. ) 

9.  Cyaniae  or  other  poisoning 

10.  Scalding  (steam  or  water) 

11.  Electricity 

13.  Hand  tools,  axes,  bars,  etc 

18.  Nails,  splinters,  etc 

14.  Flyrng  pieces  of  rock  from  sledging  or  crushing . 

15.  Other  causes 


Kflled. 


Stfiously 

ixdured. 

(Time 

lost, 

more 

than 

14  days.) 


3 
■5 


SU^tlT 

ii^ured. 

(Time 

lost, 

ltoi4 

days.) 


W 
\ 

19 

1 

IS 


1 
2 


Total  number  killed  or  injured  at  mills. 


18 


0 

2 
33 

15 
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Table  1. — Aeddenis  in  aU  AUukan  metal  mines  and  metallurgical  plants  during  the  year 

ended  Dec.  31, 191&~-(jontimied. 


METAL  MINES. 


Undergrownd. 

Number  killed  or  injured  by— 

1.  Fall  of  rock  or  ore  (rom  roof  or  wall 

2.  Rock  or  we  while  load  ixig  at  working  lace  or  chuto 

3.  Timber  or  hand  tools , 

4.  Explosive 

5.  Haulage  system  (mine  cars,  mine  locomotives,  breakage  of  rope ,  etc. ) 

6.  Falling  down  chute,  winze,  raise,  or  stope 

7.  Run  of  ore  from  chute  or  pocket 

&  Drilling  accidents  (by  machine  or  hand  drills) 

».  Electricity 

10.  Machinery  (other  than  locomotives  or  drills) 

11.  Mine  fires 

12.  Suffocation  from  natural  gases 

13.  Inrush  of  water ; 

14.  Nails,  splinters,  etc 

15.  Other  causes 


Killed. 


Seriously 

injured. 

(Time 

lost, 

more 

than 

14  days.) 


10 


Total  number  killed  or  injured  underground. 

Shaft  aeeiderUi. 


Number  killed  or  injured  by— 

1&  Fedling  down  shafts 

Objects  falling  down  safts. 

Breaking  of  cables 

Overwinding 

Skip,  cage,  or  bucicet 

Other  causes 


17. 

18. 
19. 

ao. 

21. 


Total  number  killed  or  injured  by  shaft  accidents 

Surface  aeddenu.    (At  surface  yards  and  shops. ) 

Number  kiUed  or  injured  by— 

22.  Mine  cars  or  mine  locomotives,  gravity  or  aerial  tram^i;. . 

23.  Railway  cars  and  locomotives 

24.  Run  or  fall  of  ore  in  or  from  ore  bins 

25u  Falls  of  persons 

25.  Nails,  splinters,  etc 

27.  Hand  tools,  axes,  bars,  etc 

28.  Electricity 

29.  Machinery 

30.  Other  causes 


3 
1 


18 


2 
1 


•6 


Total  number  killed  or  injured  by  surface  accidents. 

Open-pit  acddenit. 

Number  killed  or  injured  in  pit  by— 

31.  Falls  or  slides  of  rock  or  ore 

32.  Explosives 

33.  Haulage  system  (cars,  locomotives,  etc.) 

34.  Steam  shovels 

35.  Falls  of  persons 

38.  Falls  of  derrick,  booms,  etc 

37.  Run  or  fall  of  ore  in  or  from  ore  bins 

38.  Madiinery  (other  than  locomotives  or  steam  shovels).. 

39.  Electricity 

40.  Hand  tools 

41.  Other  causes 


Total  number  killed  or  injured  by  open-pit  accidents. 
Grand  total,  metal  mines 


39 


Sllghtlv 

injured. 

(Time 

lost, 

ltol4 

dajrs.) 


25 

19 

14 

8 

17 

8 

4 

15 


1 
16 


128 


1 
2 


10 


9 
1 
1 
1 
5 
23 


50 


1 

4 


9 


190 


59 

47 

22 

5 

40 

14 

13 

30 

3 

5 


10 
76 


327 


2 

1 


7 

8 

2 

8 

9 

22 

3 

11 

&5 


135 


467 


Note.— The  number  of  widows  reported  as  due  to  the  29  fatalities  was  6,  whereas  the  number  of  orphans 
under  16  years  was  24.  Of  the  206  serious  injuries,  3  were  permanent  total  disability  and  13  permanent 
partial  disability.    ThesUght  iqJurieB  at  the  placer  mines  were  not  reported,  hence  are  not  included  in  this 
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Table  2. — Fatalit%€9  in  lode  mines  in  Alaska 


Date  of 
acci- 
dent. 


Jan.     3 


4 

4 


16 
liar.  17 
21 
22 
31 
Apr.  19 

27 
July     1 

13 

15 

Aug.    4 

7 

13 

15 

Sept.    6 
Oct.   25 

26 

Nov.  30 

I>ec.  14 


Name  of  person 


Nation 
ality. 


Occupation.       Age.   \^^^!^ 


Dependents. 


Children 

under 
IQy^urs. 


Eugene  M.  Kelly 


Domenlco  Ciotta 
Ouio  GuiKEO 


Ernest  Oost 
James  Gunn 
Emil  Oswald  Heinze. 
Joseph  Vizzetti,  sr 
Gus  P.  Clarey 
Arnold  C.  Bonsdorff . . 


Joe  Kosich 
Oscar  Johnson 

NikKiinis 

Rune  Carlson 

Nick  Olson 

Christofer  Christoferson 
FredMattson 

Joseph  Gretland 

Ole  Roen 
Gus  Vos 

A. Sheboff 

Louis  Tremantine 

H.  D.  McClellan 


Table  3. — Fatalities  m  placer  mines  in  Alaska 


Date  of 
accident. 


May  10 

July     2 
11 


Aug.  — 
Oct.  11 


Name  of  i)erson. 


Alex  Woodside 
Michael  Pasich. 


Chris  Beeney 

Albert  Bjorklund. 


Jack  Seaberg. . . 
Oscar  Erickson . 


Andros  Peter  Theodore  Anderson. 


Nationality. 


Scotchman.... 

Hungarian 

Irish 

Scandinavian. 


do. 

Swede. 


Norwegian. 


Occupation. 


Operator. 
Mocker.. 


Operator. 


do 

Prospector. 


Age. 


24 

42 

80 


40 


Depend- 
ents. 


None. 
...do. 


...do. 
...do. 


.do. 


None. 


ACCIDENTS. 


63 


during  the  year  ended  Dec.  Sly  1916. 


Name  of  company  and  mine. 


Alaska   Juneau    Gold    liining    Co.; 

Alaska  Juneau. 
r.Uaska  Treadwell  Gold  liining  Co.; 
i    Treadwell. 


gfinBcott  Copper  Corporation;  Bo- 
nana. 

Alaska  United  Gold  Mining  Co.;  700- 
Foot. 

Kenneoott  Copper  Corporation;  Bo- 
naziia. 

Alaska  Qastineau  Mining  Co.;  Perse- 
▼eranoe. 

Alaska  United  Gold  Mining  Co.;  700- 
Foot. 

Alaska  Jiineaa  Gold  Mining  Co 

do 

Ellamar  Mining  Co.;  Ellamar 


Nature  and  cause  of  accident. 


Alaska  United  Gold  Mining  Co.; 
Ready  Bullion. 

Alaska  Gastinean  Mining  Co.;  Perse- 
verance. 

Qdebagoff  Mlniiig  Co.;  Chicbagoff.... 

Alaska IndustriaiCo.;  Jumbo 

Ellamar  Mining  Co.;  Ellamar 

Meant  Andrew  Ifining  Co.;  Mount 
Andrew. 

AlMka  Janean  Gold  Mining  Co 

....do 

Alaska  Qastineau  Mining  Co.;  Perse- 
verance. 

Kenneoott  C^per  Corporation;  Beat- 
son. 

.Vlaska  Qastineau  Mining  Co.;  Perse- 


Back  broken  by  dirt  slide  while  timbering  portal. 

Ciotta  and  Guizxo  had  been  bulldoEing  In  stope  and  started  to 
return  to  gangway  with  powder.  It  had  been  their  custom  to 
leave  bunches  of  powder  tied  with  primers  at  head  of  manwav 
raise,  and  in  passing  this  powder  It  exploded,  throwing  both 
men  into  raise  and  kiUing  them. 

Walked  over  chute  being  drawn  and  was  carried  down  with  ore 
and  smothered. 

Killed  by  fall  of  loose  rock  in  drift  while  showing  a  friend  through 
mine. 

Crushed  by  descending  timber  skip  while  walking  up  incline  at 
noonhonr. 

Crushed  by  slab  falling  from  roof  while  operating  machine  drill. 

Killed  by  faU  of  rock  from  pillar  and  roof  while  barring  down. 

While  ascending  stairway  next  tramway  for  hauling  construc- 
tion material,  injured  placed  hand  on  passing  ear  and  caught 
either  hand  or  sleeve,  which  threw  him  under  car  and  crushed 
him. 

Standing  above  chute  being  drawn  and  was  pulled  down  with 
ore  and  burled. 

Injured  in  repairing  pipe  line  in  manwav;  allowed  end  of  timber 
ne  was  using  for  lever  to  project  into  hoisting  compartment. 
Descending  cage  struck  this  timber  and  crushed  his  head 
against  shaft  timbers. 

Had  blasted  hole  in  stope  to  break  down  slab.  On  returning  to 
stope  a  second  slab  feii  and  crushed  him. 

Fell  into  oreway;  probably  was  attempting  to  bar  large  rock  out 
of  car. 

Thrown  out  of  skip,  which  was  off  track,  and  fell  down  shaft. 

Fell  into  oreway. 

FeU  Into  shaft. 

Qretland  went  into  another  man's  place  after  the  man  had  gone 

to  notifv  foreman  it  was  unsafe.    A  rock  fell  while  Gretland 

was  trying  to  place  a  timber  and  killed  him. 
Asphyxiated  by  powder  gas  in  raise. 
Crushed  by  steel  plates  sliding  from  car  which  he  was  unloading 

on  inclined  tramway. 
Crushed  by  fall  of  rock  from  side  of  drift  while  cleaning  up  around 

chute. 
Crushed  by  fall  of  slab  from  roof  of  stope  while  running  machine 

drill. 
Buried  beneath  snow  slide. 


during  the  year  ended  Dec.  SI,  1916. 


Name  of  operator  and  mine. 

Nature  and  cause  of  accident. 

Watson  A  Woodside 

Crushed  in  the  shaft  bottom  by  falling  bucket,  due  to  cable 

breaking. 
While  driving  drift  in  frozen  gravel,  unexpected  thawed  ground 

ran  and  buried  him. 
Crushed  by  fall  of  gravel  from  roof  of  drift. 
Deceased  while  adjusting  steam  points  in  bottom  of  shaft  was 

Gold  Hill  Mbiing  Co 

Heeney,  Pike  &  Miller 

BJorkiund  &  Bachner 

Seaberg^  Isler. 

weakened  from  gas  from  decayed  vegetation.    While  being 

hoisted  he  fell  from  chair. 
Killed  by  faUing  boom. 
Overcome  in  bottom  of  shaft  by  fumes  from  fire  set  to  thaw  face 

of  drift. 
FeU  from  scow  crossing  from  river  bank  to  dredge;  drmvned. 

1  Oscar  Erickson. 

C.  E.  Kimball  Co. 
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Table  4. — Serious  aceidenU  on  surface  about  lode  mines 


Date  of 
aoeidont. 


Jan. 


liar. 


6 


20 

Feb.      7 

10 
13 


15 

4 
15 

18 

20 

20 

28 
Apr.      2 

2 

20 

May      3 

6 

7 

10 
17 

24 

29 

31 

June      5 

12 
July  15 
Au&     3 

18 

Sept.     4 

7 

20 

Oct.      2 


23 
30 

Nov.    10 
Dec.    19 


Name  of  person. 


Earl  Denham. 

Chris  Johnson, 
BenDahl 


Joseph  F.  Zace. 
Mike  Moor.... 


Oeorge  Petersen. 


JohnMackanen. 
George  Martin. . 


George  Atkinson . . 
Chester  Leonhardt. 
Fred  Christensen. . 


J.  E.  Steers 

Thomas  Murphy. 


Peter  Viano.. 
F.  J.  Samson. 
Ed  R.  Evans 


B.M.Rloe. 


Charles  Slaymaker . 

G.  J.  Cassldy 

John  McC^thy 


E.J.SIiter 

Bob  Rosandlch 

Einas  Sjolund 

David  A.  Wheeler. 


Lou  McDonald , 
Herman  Hugh. 
Otto  Stewart.. 


A.  A.  Squires. . . 

TurySaks 

JessCoddington. 


George  N.  Peterson. 


£.  I.  Whitmore. 


Olaf  Jamne 

Battista  Bobsadelli. 


Frank  Ross 

SUveVukovich. 


Nationality. 


American. 


Norwegian. 
do 


American. 
Belgian... 


Swede. 


Finlander.. 
Hungarian. 

English.... 
American.. 
Norwegian. 


American. 
do... 


Italian... 

German... 

American. 


.do. 

.do. 
.do. 
.do. 


do.... 

Austrian . . 
Finlander. 
American. 


....do. 

Swiss. 

.....do. 


do... 

Russian.. 
American. 


Dane. 


American. 


Norwegian, 
Italian 


American... 
Montenegrin. 


Oocapation. 


Drill  sharpener. 

Laborer 

Feeder 


Laborer. 
do.. 


.do. 


Millman. 


Chuteman. 


Laborer. 
Millman. 
Laborer. 


Fireman. 
Labwer. 


do 

Mucker 

Crusherman. 


Laborer. 


do 

Donkey  engineer . 
Mucker 


Laborer. 

do.. 

Mucker. 
Laborer. 


do 

do 

Steel  sharpener. 


Flume  tender. 

Laborer 

Gripman 


MlUoUer. 


Skipopeirator... 


Painter 

Concentrator. 


Electrician. 
Mucker 


Age. 


30 

24 

23 

43 

42 

32 

46 
30 

32 

19 

25 

46 
30 

28 
51 

27! 

I 
21  I 

40 

1 
46 

I 
40 
25 
21 
29 

I 

I 
31; 
22, 
38 

«5 

36 

23 

24I 
I 

40' 


40 
30 

2S 

27 
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in  Aladca  during  the  year  ended  Dee.  SI,  1916. 


Name  ofoompany  and  mJne. 


Uaska  ICexictti  Gold  Kining  Ca; 


.UaakA  Janean    Gold    Hining    Ck>.; 

Alaska  Juneaa. 
Alaska  Treadwell  Gold  Mining  Ck>.; 

TreadweU. 

do 

Alaska   Juneau    Gold    Mining    Co.; 

Alaska  Juneau. 
Alaska  Gastineaa  Mining  Co.;  Perse- 


;  .vlaska  United  Gold  Mining  Co.;  700- 
I     Foot. 

Alaska  Gastmeau  Mining  Co.;  Pente- 
veraoce. 

,  Alaska  Juneau  Gold  Mining  Co.; 
Alaska  Juneau. 

Alaska  Oastlneau  Mining  Co.;  Perse- 
verance. 

Alaska  Juneau  Gold  Mining  Co.; 
Alaska  Juneau. 

do 

Alaska  Treadwell  Gold  Mining  Co.; 
Treadwell. 

Alaska   United    Gold    Mining    Co.; 

Beady  BulUon. 
Alaska    Juneau    Gold    Mining    Co.; 

Alaska  Juneau. 
do 


Atoaka  Gaatixieaa  Mining  Co. 


Ataska  Treadwen  Gold  Mining  Co.; 

Treadwell. 
Alaska   Juneau    Gold    Mining    Co.; 

Alaska  Juneau. 
....do 


.do. 
.do. 
.do. 
.do. 


....do 

Alaaka  Free  QaUd  Mining  Co 

Alaska  GasUneau  Mining  Co.;  Perae- 

▼eranoe. 
....do 


Alaska  United  Gold  Mining  Co 

KJennecott       Copper      Corporation; 
Jumbo. 


Kennecott  Copper  Corporation . 


AlaakA  Gastineau  Mining  Co. 


Alaska  Juneau  Gold  Mining  Ca. 
do 


I 


.Uaaka  Gastineau  Mining  Co. . . 
Alaska  Juneau  Gold  Mining  Co. 


Nature  and  cause  of  accident. 


Third  and  fourth  Angers  of  left  hand  crushed .  Rested  hand  un- 
derneath hammer  of  drill  sharpener  and  accidentally  turned 
on  the  air. 

Bruised  and  cut  about  head.  Fell  from  dock  while  unloading 
lumber. 

While  changing  cam  shaft  the  shaft  fell  off  horses  and  a  cam 
slipped  off.  crushing  big  toe  on  right  foot. 

Abscess  on  right  hand,  due  to  infected  cut. 

Fell  whfle  carrying  steel  on  mill  grade  and  broke  small  booe  in 
ankle. 

End  of  index  finger  on  left  hand  crushed  while  •moving  drill 
sharpener  off  track.  Accidentally  pla^^  Anger  under  hammer 
as  machine  was  turned  over  and  it  fell  on  finger. 

Left  ankle  bruised  by  falling  stamp  while  making  repairs  in  mill. 

Injured  was  on  running  board  of  Io?omotiye,  which  backed  up 
against  train,  catching  left  foot  between  drawheads  and  bruis- 
ing it  badly. 

Resting  hand  on  bowlder  when  one  rolled  down  from  above  and 
broke  two  bones  in  right  hand. 

Attempted  to  stop  moving  belt;  loft  arm  was  Jerked  between 
pullev  and  belt  and  broken. 

Struck  Dy  broken  cable  on  donkev  engine;  sustained  a  broken 
collar  bone  and  two  scalp  wounds. 

Burned  on  right  eye  by  hot  scale  while  cleaning  boiler. 

Riding  on  load  of  baled  hay  when  one  bale  struck  platform  and 
threw  him  onto  rocks  below.  Right  arm  fractured,  right  hip 
SDrained,  and  head  cut. 

Feu  from  platform  while  throwing  down  timbers  and  fractured 
skull. 

Bruises  on  back,  internal  injuries.  Preparlne  blast  on  mill  grade 
when  a  rock  rolled  down  from  abave  and  struck  him  on  rack. 

Middle  finger  of  left  hand  cut  and  oruised  at  iukI.    Injured  was 

1>rying  piece  of  steel  from  grizzly  plate  wheL  bar  slipped,  caus- 
ng  him  to  fall  and  catch  his  finger  betwe^ji  the  bar  and  a  bolt- 
head. 

Left  leg  broken  at  ankle.  Injured  attempted  to  shift  belt  from 
high-speed  to  intermediate  pulley  with  his  loot  and  was  caught 
between  belt  and  pulley. 

One  bone  in  left  legoroken.  Caught  between  drawbar  of  loco- 
motive and  car  while  attempting  to  couple  them. 

Left  ankle  caught  between  planks  and  bruised  while  moving 
donkey  enxine  from  wharf  onto  barge. 

Right  ankle  Druised.  While  pushing  car  the  car  bumped  at  end 
of  track  and  backed  a  foot  or  two;  injured  fell  on  track  and  car- 
bumper  passed  over  ankle. 

Ankle  and  foot  bruised  by  falling  plank  while  working  pile 
driver. 

Right  leg  bruised.  Injured  was  trying  to  put  dump  car  on  track 
when  car  slipped  and  fell  on  him. 

Both  ankles  braised.  Injured  was  thrown  over  dump  by  car 
turning  over  as  he  attempted  to  dump  it. 

Left  arm  crushed;  amputation  necessary.  While  helping  change 
cable  from  bottom  to  top  of  drum  on  small  hoist  at  incline 
tramway,  arm  was  caught  in  loop  of  cable. 

Right  thinnb  bruised  while  loading  steel  on  truck. 

Mitten  caudit  in  saw.    Palm  cut. 

Struck  left  nand  with  hammer,  causing  slight  abrasion  which 
became  infected. 

Cut  over  left  eye  and  body  bruised.  Thrown  from  car  when 
horse  shied,  throwing  car  off  track. 

Two  bones  broken  in  left  leg  and  chest  bruised.  Shifting  belt 
from  line-shaft  pulley;  caught  in  belt  and  thrown  to  floor. 

Fracture,  left  arm.  Injured  stopped  tramway  to  tighten 
bucket  grip;  fastened  bucket  with  rope  which  failed  to  hold 
when  grip  was  loosened,  and  was  knocked  to  the  groimd. 

Lost  third,  fourth,  and  fifth  fingers  and  portion  of  left  hand. 
Fingers  drawn  into  bevel  gear  when  injured  attempted  to  put 

gease  on  gear  with  his  hand, 
ht  elbow  dislocated,  right  hand  bruised,  and  left  hand  so 

badly  crushed  that  amputation  was  necessary.    Injured  was 

moving  conveyor-dumper  when  bis  hands  caught  between 

rope  and  "  nlggerhead  "  on  *' gypsy . " 
I^f  t  arm  broken  at  shoulder  and  wrist  by  fall  from  roof  of  mill. 
Head,  Jaw.  and  wrist  bruised  while  attempting  to  move  belt 

from  pulley. 
Sprained  right  ankle.   Slipped  on  mat  at  foot  of  stairs  in  mill. 
End  of  thumb  on  right  nani  crushei.    Injured  attempted  to 

remove  rock  from  wlieel  which  he  used  to  block  the  car  and 

the  wheel  pinched  his  thumb. 
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Table  5. — Serious  accidents  underground  in  lode 


Date  of 
aocldent. 


Name  of  person. 


Jan. 


Feb. 


Mar. 


4 
5 
9 
9 

9 

11 

11 

31 

2 

4 

8 
13 

16 
18 

26 

29 

3 

6 

13 


14 
16 


16 
19 
19 

25 


Apr.      6 
10 


18 

18 
21 
24 
29 
May       2 


Joaeph  Suoca. . . 
Joseph  Sandona. 

Ed  More 

£.  Johnson 


R.  A.  Barnes 

RayGossett 

John  Varlamos 

John  Bogdanovlch. 

Mike  Cook 

Louis  Welyert 


M.  H.  Gedney. 
James  Zeotr... 


MikeZusio 

Emelio  retrasso. 


Pietro  Bonna 

MikeChalovich..?. 
L.  P.Hamilton.... 
Math  Jakomlnich.. 


MikeKnas. 


Steven  Rolando . 
Qus  Erickson... 


Andrew  Erickson. 

John  Jarioo 

KbstaQuisino 


Dan  Sakatos. 


Louis  OdoIoTich. 
J.M.Steele 


Costa  Caramouzie. 


James  Bowie 

Peter  E.  Genatos. 

Antonio  Dalla 

Ralph  Marcine . . . 
NlckDemer , 


George  T.  Quinge. 


Mike  Moras. 


NationaUty. 


Italian... 

do.... 

Belgian.. 
American. 


do... 

do... 

Greek.... 
Austrian. 
Russian.. 
Belgian . . 


American. 
Russian.. 


Montenegrin. 
Italian 


do 

Montenegrin. 
American 


Montenegrin, 


Italian. 
Swede. 


.....do 

Italian 

Montenegrin. 


Greek. 


Austrian., 
American . 


Greek. 


Scotch. 
Greek.. 
Italian. 

do. 

Greek. 


Norwegian. 


Montenegrin. 


Occupation. 


Machine  helper. 

do 

MudEcr 


Manhfne  helper. . . . 

....do 

Bulldoxer 

Mucker 

....do 

Steel  packer 


Foreman. 
Mucker.. 


Machine  helper. 


Laborer 

Machine  helper. 

do 

Machine  helper. 


.do. 


Mucker 

Contractor. 


....do 

Machine  helper. 
Chute  puncher. 


Mucker. 
Mhier.. 


Mucker. 


Machineman. 

Mucker 

Bulldozer 

Timberman. 
Bulldozer 


Carpenter. 


Bulldozer. 


Age. 


29 
28 
2G 
21 

50 

32 

33 

42 

40 

23 

60 
30 

24 

26 

40 
35 
35 
25 

3S 


30 
28 


22 
40' 


I 


30 

45 

45 


45 

43 

28 
31 
25 
2S 


36 
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mines  in  Alaska  during  the  year  ended  Dee.  SI,  1916. 


Name  of  oompaay  and  mine. 


Alaska  Oastinean  Mining  Co.;  Pene- 

yeranoe. 
do 

do. 

JtuUin  Alaska  Ifinea  Co 


Alaska  Oastlneau  Mining  Co.;  Perse- 
verance. 
Alaska  Gold-Belt  Co 


Alaska  Oastineaa  Mining  Co.;  Perse- 

Terance. 
Alaska  Juneau  Gold  Mining  Co 


Alaska  Gastineau  Mining  Co.;  Perse- 
Terance. 

Alaska  Mexican  Gold  Mining  Co.; 
Mexican. 

KUamar  Mining  Co.;  Ellamar 

Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 


..do. 


Alaska  Treadweil  Gold  Mining  Co.; 

TrMdwell. 
Alaska  United  Gold  Mining  Co 


Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 
do. 


.do. 


.do.. 


Alaska  Jonean  Gold  Mining  Co 

Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 


.do. 
.do. 
.do. 

.do. 


.\laska  Juneau  Gold  Mining  Co. 
Kenneoott  Copper  Corporation . 


Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 


Alaska  United  Gold  Mining  Co.; 
Heady  Bullion. 

Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 

Alaska  Treadweil  Gold  Mining  Co.; 
Treadweil. 

Alaska  Gastineau  Mining  Co.:  Perse- 
verance. 

do 


Nature  and  cause  of  accident. 


Alaska  Juneau  Hold  Mining  Co. 


Alaska  Gastineau  Mining  Co.;  Perse- 
verance. 


Waste  on  which  machine  was  set  moved,  and  machine  fell  on 

operator,  breaking  both  his  legs. 
Injured  was  striding  with  hand  resting  on  machine  when  rock 

fell  firom  roof,  bruising  and  lacerating  nand. 
First  jomt,  index  finger,  right  hand,  badly  crushed  by  machine 

which  rolled  ovw  while  injured  was  lifting  it. 
Crushed  ends  of  fourth  and  fifth  fingers  between  a  piece  of  ore 

and  car.    The  ore  protruded  over  top  of  car  and  caught  on 

timber. 
Right  foot  bruised  by  fall  of  rock  while  carrying  drill  steel 

through  stope. 
Collar  bone  broken.    Ck>thing  caught  in  gear  of  diamond  drill 

and  injured  was  thrown  agaiiist  chuck  nut. 
Rush  of  ore  in  chute  while  barrUig  down.    Fractured  skull  and 

badlv  cut  and  bruised  shoulders. 
Two  ribs  broken  on  left  side  by  rock  falling  from  chute  whUe 

barring  down. 
Bone  in  right  hand  broken  by  fall  of  rock  in  drift. 

Injured  was  carrying  drill  steel  across  stope  and  fell;  steel  bruised 

the  third  finger  on  right  hand. 
Leg  broken  by  fall  of  rock  in  waste  raise. 
Thumb  of  right  hand  crashed  and  hand  lacerated.    Injured 

attempted  to  hold  coupling  Imk  between  two  cars  witn  his 

candlestick,  when  motor  bumped  against  them  and  cau^t  his 

hand  between  the  bumpers. 
Small  piece  of  steel  firom  orill  cut  tissue  of  left  eye. 
Injured  was  climbing  ladder  when  his  partner  dropped  monkey 

wrench,  which  fell  on  the  middle  finger  of  his  right  hand. 
Tip  of  thumb  on  rl^t  hand  crushed  by  a  rock  which  slipped 

while  injured  was  unloading  car. 
Eyes  filled  with  dht  from  small  explosion  caused  by  drilling  into 

cut-off  hole. 
While  watching  car  being  loaded  at  chute,  rock  bounced  off  ear 

and  bruised  left  foot. 
Jack  bar  slipped  from  column  which  injured  was  tiditenlng  and 

threw  him  down,  causing  a  compound  liracture  of  first  phalanx 

of  index  finger. 
Injured  was  carrying  machine  over  waste  pile  when  he  fell  with 

machine  on  top  of  him,  causing  a  righ  t  inguinal  hernia.    ( Old 

case.) 
Ruptured  by  strain  while  rolling  a  heavy  rock. 
Contused  and  punctured  wounds  of  right  arm,  chest,  both  hands. 

and  upper  left  leg,  due  to  fiying  particles  lh>m  explosion  caused 

by  drilling  into  nussfsd  hole. 
Contused  wound  of  left  wrist  due  to  flying  particles  lh)m  explo- 
sion caused  by  drilling  into  missed  hole. 
Injured  was  helping  lower  machine  when  it  fell  off  the  arm,  drop- 
ping on  his  right  foot  and  bruising  it  severely. 
Injured  had  been  barring  down  in  a  chute.    He  laid  bar  on  plank 

and  rock  fell  and  struck  one  end  of  the  bar,  throwing  the  other 

against  his  face,  laceratinx  the  Up  and  eye. 
Injured  was  standing  with  his  left  hand  on  crossbar  when  rode 

fell  from  roof  and  crushed  fourth  finger  between  rock  and  bar. 
End  of  left  index  finger  broken  by  fall  of  rock. 
Fell  through  raise  from  one  stope  to  another  while  trying  to  start 

ore.    General  contusions,  especially  about  right  arm  and 

shoulder. 
Clearmg  tracks  at  chute  while  train  was  loading;  did  not  hear 

"go  ahead"  signal  and  was  struck  by  car  when  train  started. 

Lacerated  woimd  of  left  eye,  fracture  of  left  radius,  and  fracture 

of  second  rib,  both  sides. 
Climbing  up  raise  on  rope,  slipped  and  fell.    Cut  head  and 

spramed  ankle. 
Third  rib  fractured  while  coupling  cars. 

While  preparing  to  bulldoze  rock  in  stope,  a  piece  of  ore  rolled 
down  pile,  breaking  left  1%  and  one  rib. 

Contusion  of  right  foot,  fracture  of  fourth  phalange.  Injured  was 
hoisting  planks  in  chute  when  one  fell  and  struck  his  foot. 

Compound  fracture  of  inferior  maxillary  and  lacerated  wound  of 
neck.  Injured  was  barring  down  at  chute  when  rook  fell  on 
one  end  of  bar,  which  flew  up  and  struck  his  jaw. 

Right  hip  and  groin  bruL^d.  Injin^  was  working  on  construc- 
tion of  tramway  when  rock  rolled  down  the  hill  and  struck 
him. 

Fracture  of  inferior  maxillary,  lacerated  wound  of  right  cheek 
and  scalp.  Injured  was  barring  down  at  chute  and  had  his  bar 
over  check  board  when  ore  fell  on  bar,  which  struck  his  jaw 
and  knocked  him  off  platform. 
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Table  5. — Serums  accidents  underground  in  lode  mines  in 


Date  of 
aoddent. 


Name  <tf  person. 


May      8 


8 

9 
13 

22 

22 
26 

25 

2S 

30 

Juno      8 


10 
13 

15 

16 

17 
27 

29 

July      8 


10 

20 
22 

23 

25 


25 

27 

29 

Aug.      4 

8 

12 
12 
15 
20 
25 
28 


Otto  Hocking. 


Thomas  Oriflen. 


Rista  W.  Lucich. 
Joseph  Rodlch... 


Thomas  Basoff. 


Emil  Kalmutsky, 
Jacob  Nordahl 


Albert  Henden. 


liikeOgden... 
Algol  Johnson. 
John  Wilson... 


Antonio  BertoUnl. 
Peter  Perovich... 


C.  Oaravattl 

Oust  E.  John.son. 


C.W.Carlson. 
Peter  Deibrich. 


J.  Flenor 

Samuel  Aboff 

Robert  Rosandlch. 


Nick  Popa.. 


Ous  James 

Vuko  Tomasovich. 

Peter  M.Nikalofl.. 

Obren  Odalovich . . 


Henry  Jackson. 
Christ  Nick.... 


James  Jardon. 


L.  Watt. 


George  Babolek. 


NickKupoff 

Mike  Voinovich . . 

Frank  Powers 

MlkeOdal 

Alex  Sagoff 

Samuel  Karadish. 


Nationality. 


Swede. 


Irish. 


Servian.. 
Austrian. 

Russian.. 


....do 

Norwegian. 


.do. 


Austrian.. 

Swede 

Finlandcr. 


Tyrolian 

Montenegrin. 

Italian 

Swede 


American 

Mmitencgrlu. 


American. 
Russian. . . 
Austrian.. 


.do. 


Greek 

Montenegrin . 

Belgian 

Austrian 


Finlander. 
Turk 


Austrian. 


Scotchman. 


Russian 

Montenegrin. 

American 

Austrian 

Russian...... 

Montenegrin. 


Oooupatioo. 


(  hate  puncher. 


Mucker. 


Machine  helper. 
Machineman... 


Chute  puncher. 


Machineman . 
Pipeman..... 


Machineman. 


Chute  puncher. 

Mucker 

Machineman... 


I  aborer. 


Machineman's 
helpw. 

Steel  nipper 


Rock  breaker  and 
driver. 

Miner 

i  hute  puncher... 

Motorman 


Machineman's 

helper. 
Laborer 


Machine  man's 
helper. 

Mucker 

do 


Chute    puncher's 

helper. 
Chute  puncher.... 


Machineman. 
Laborer 


Cage  man, 


Machineman. 


Austrian Hand  miner 


Chute  puncher. . 

Labover 

do 

Machineman... 

Car  man 

ifttAhittf^  man. . . 


Age. 


35 


26 

26 
26 

U 


21 

27 


40 
39 


IS 

:;4 


4U 

r 

23 
39 
24 


38 
39 

29 

38 

37. 

25 

29 

20 

22, 

22 

25 
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Ala^ta  during  the  uear  ended  Dee,  St,  idid— Continued. 


Name  of  cgmpmy  and  mJiM. 


Alaska  Gastbiflau  Mlnliig  Co.:  Parae> 


AlMka  Jimeaa  OqM  Mining  Co. 


..do. 


AlMka  GasUneao  Mining  Co.;  Pexve- 
am 
do. 


Alaska  Juneaa  Gold  Mining  Co. 
do 


.do.. 


Goodro  Mining  Ca;  MayOroap 

Kennaoott  Copper  Corp.;  Bonanta. 
Joalin  Alaska  Minfls  Co.;  Jualin.. . . 


Alaska  Treadwell  Oold  Mining  Co.; 

TreadwalL 
Alaska  Oastineau  Mining  Co.;  Pene- 


Akaka  United  Gold  Mining  Co.;  700- 

Foot. 
AlasU    United    GoU    Mining   Ca; 

ReadyBulllon. 

Alaska  Free  Gold  Co 

Alaska  Oastineau  Mining  Co.;  Per»- 

Tefance. 
do 


. . .  .do. 


Alaika  Juneau  Gold  Mining  Co. 


Alaska  Oastineau  Mining  Co.;  Perse- 

veranoe. 

EUamar  Mining  Ca:  EUamar 

Alaska  Oastineau  Mining  Ca;  Perse- 

voranoe. 
do 


.do. 


Alaska  Juneau  Gold  Mining  Co. 
do 


Alaska  Oastineau  Mining  Ca;  Perse- 
▼eranoe. 


.do. 


Alaska  Mexican   Gold  Mining  Co.; 
Mexican. 

Alaska  Oastineau  Mining  Co.;  Fene- 

verance. 
Alaska  Juneau  Gold  Mining  Co 


.do. 


Alaska  Oastineau  Mining  Co.;  Perse- 

TBranoe. 
Kennecott  Copper  Corp.;  Bonanza 

Alaska  Oastineau  Mining  Co.;  Perse- 


Nature  and  cause  of  accident. 


Laoetated  wound  of  left  hand ,  compound  fractures  of  third  and 

fourth  fingers.    Iniured  was  standing  with  hand  on  check 

board  when  rock  fell  on  it. 
Index  finger  of  right  hand  cut  and  bruised.    Barring  down  in 

tunnel  when  rock  fell  from  roof. 
Instep  bruised  by  piece  of  drill  steel  foiling  down  manway. 
Ulcer  on  eyeball  due  to  cut  from  flying  piece  of  steel  from  drill 

while  starting  hole. 
Contusion  of  mst  toe,  left  foot.    Injured  was  standing  before 

chute  when  piece  of  ore  fell  over  chute  door  and  struck  his  toe. 
Instep  brulsea  b  V  machine  which  fell  on  foot. 
Risht  thigh  cut  oy  rock  blown  out  of  air  pipe  while  Nordahl  was 

cleaning  the  line. 
Face  and  nose  cut  and  bruised.    Henden  was  assisting  Nordahl 

In  removing  rock  and  dirt  from  the  air  pipe. 
Rupture  due  to  lifting  excessive  weight. 
End  of  second  toe,  left  foot,  crushed  oy  rock  falling  from  chute. 
First  flnxer  of  right  hand  mashed.    Rock  projecting  from  car 

which  injured  was  pushing  struck  timbers,,  catching  his  finger 

between  the  rock  and  the  car. 
Head  and  face  cut  and  right  hip  Injured  by  falling  rock  in 

stope. 
Lacerated  wound  of  left  eye  and  contusion  of  left  ankle.    Injured 

was  walking  across  stope  when  the  broken  ore  moved,  throw- 
ing h  im  down  and  bruuing  him. 
Leftieg  fractured  by  fall  of  rock  from  roof  of  stope. 

Collar  bone  broken.   Injured  was  caught  between  oar  and  chute. 

Slipped  on  ice  in  raise  and  fell,  dislocating  shoulder. 
Compound  fracture  of  fourth  nnger  of  right  hand.    Rock  fell  on 

bar  and  caught  finger  between  bar  and  chute  board. 
Contused  wounds  of  left  ankle.    While  walking  along  drift, 

turned  to  look  at  a  chute  and  ran  into  a  truck. 
Back,  legs,  and  shoulder  injured  by  fall  of  rock  In  stope. 

Back,  shoulder,  and  left  side  bruised.  Injured  and  two  others 
were  pushing  loaded  dump  car  out  of  tunnel  when  motor 
train  came  around  curve  and  struck  dump  car,  throwing  it 
off  track  and  catching  injured  between  dump  oar  and  side  of 
tunneL 

Face  and  hands  burned  bv  flame  from  acetylene  gas  generated 
when  injured  poured  carbide  into  can  containing  water. 

Right  leg  bruised  and  thigh  fractured  by  falling  in  a  chute. 

Fractured  left  tibia  when  hit  by  car  dump  which  injured  had 
Just  unhooked. 

Contusion  of  hips.  Stepped  between  car  and  chute  Just  as  train 
started. 

Compound  fracture  of  nose  and  contused  wound  of  soalp.  In- 
lured  had  bar  over  chute  board  when  rock  fell  on  Inside  end  of 
oar,  throwing  bar  against  his  face  and  knocking  him  off  the 

glatform  into  the  car. 
^ht  eye  bruised— vision  Impaired— by  small  rook  falling  while 

ascenalng  ladder  in  raise. 
Right  foot  crushed.    Injured  was  removing  rocks  from  side  of 

drift  when  ore  train  came  up  behind  him.    Uis  foot  Jammed 

between  a  car  and  a  piece  of  rock. 
Compound  fracture  of  fifth  metacarpal  bone,  right  hand.    In- 
jured was  raising  oil  tank  with  winch  when  handle  broke  and 

new  back,  strikinf  him  on  the  hand. 
Index  finger  crushed;  amputation  necessary.    Injured   was 

walking  with  bar  on  his  shoulder  when  he  fell,  catching  his 

hand  between  the  bar  and  a  rock. 
Right  arm  crushed;  amputated  below  elbow.    Injured  went  up 

chute  to  determine  position  to  place  powder  to  start  chute 

when  rock  fell  on  him. 
Fracture  of  first  toe,  left  foot.   Rock  roUed  over  chute  board  and 

fell  on  toe. 
Face  and  eyes  cut  by  flying  rocks  from  explosion  of  a  cap  or  piece 

of  dynamite  in  the  waste  Injured  was  snoveling. 
Third  flnger,  left  hand,  badly  bruised  while  loading  steel  beams 

on  truck. 
Fracture  of  twelfth  dorsal  vertebra  and  contused  wounds  of  scalp 

and  face.    Fall  ofrockm  a  stope. 
End  of  third  flnger,  left  hand,  lacerated  by  falling  rock  which 

caught  Insured's  hand  between  car  and  bar. 
Contused  wounds  of  third  and  fourth  flnsers ,  left  hand .    Injured 

was  pulling  up  steel  and  caught  hand  under  cable. 
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MINING  IN  ALASKA  IN   1916. 


Table  5. — Serious  aoddenU  underground  in  lode  mine*  in 


Date  of 
aoddent. 


Name  of  penoo. 


Bept.    9 
9 


Oct. 


Oscar  Beodeson, 
NoniioOzeko.., 


Akz  OoTidwoTioh. 


16 

16 
22 

23 

29 

2 

2 

3 
3 

6 

15 


15 
15 

19 

22 

Nov.   3 

11 

13 

27 

27 

Dec.  1 

2 


AttiUo  Costa. 


( 


JohnYakich.... 
John  B.  Larson. 


Lawrence  Linden . 

Battlsta  Allio 

Oeorg^^^Besoloff. . . 
Charlee  Penn 


E.  Patzold. 
O.  Tooune. 


Thomas  Tsdokas. 
EULalich 


MikeJelich... 
Oeorge  Oogofl. 


Oscar  Ness 

Red  Alechslch.., 
Charles  Penn.... 
Earl  Rhoadei... 


W.  W.  Eggen.... 
Knut  Danlelson. 


Peter  Miller. . 
Peter  Batello. 
Frank  Pot«n. 


LasoKovaoik. 


8 

9 
31 


Sly  Radovich. 


IkeHaU 

Herman  Lurda. 


Nationality. 


Swede. 
Italian. 


\MtMtMif\tMn  in  ^ 


Italian. 


Montenegrin. 
Flnlander 


American. 
Italian... 
Russian.. 
Aostrian. 


Oennan. 
Belgian. 


Orsek.... 

Austrian. 


....do... 
Russian. 


FInlander. . . 
Montenegrin. 

Austrian 

American... 


do. 

Swede. 


Austrian. 
Italian... 
Indian... 


Austrian. 


Montenegrin. 


FInlander. 
do.... 


O<»ttpati0D. 


Mucker. 
Laborer. 


.do. 


Machine  man. 


Mucker. 


Timberman    and 
hoistman. 

Mhier 

Machine  man 


Mucker 

Machine  man. 


Miner. 
.....do. 


Bulldoier. 


Machine  man's 
helper. 


BulldMer 

Chute  puncher 

Machine  man 

do 

do 


Machine  man's 
helper. 

Motorman 

Machine  man 


do.. 

do.. 

Mucker. 


Chute  puncher.. 


Contractor. 


Mucker 

Machine  man. 


Age. 


2S 
30 

28 


32 

33 
34 

40 

26 
40 
29 

50 
34 

31 

26 

45 
21 

29 

3< 

29 

23 

22 

37 

40 
42 
26 

52 

30 

27 
40 


ACCIDENTS. 


71 


Alatka  during  the  year  ended  Dec,  SI,  191S — Continued. 


Name  of  oompuiy  and  mine. 


Chieagoff  Mining  Co.;  Chioacofl 
Ataska  JtOMMi  Gold  Mining  Co. 

do 


Alaska  Gastineau  Mining  Co.;  Pana- 


....do 

Alaska  Juneau  Gold  Mining  Co. 


Kennecott  Copper  Corp.;  Bonanxa.... 

Alaska  Treadwell  Gold  Mining  Co.; 

Treadvell. 
Chieagoff  Mining  Co.;  Chicagoff 


Alaska  Gastineau  Ifining  Co. 


JuaUn  Alaska  Mines  Co. 
do 


Alaska  Gastineau  Mining  Co.;  Fene- 
erai 
.do. 


.do. 
.do. 


Alaska  Juneau  Gold  Mining  Co 

do ; 

Gastineau  Ifining  Co.;  Pene- 
1 
.do. 

.do. 


Alaska  United  Gold  Mining  Co.;  TOO- 
Foot. 

Joalin  Alaska  Mines  Co 

do 

Alaska  loneau  Gold  Mining  Co 


Alaska  Gastineau  Mining  Co.;  Perae- 


EUamar  Mining  Co.;  Ellamar. 


Alaska  Juneau  Gold  Mining  Co 

Alaska  Gastineau  Mining  Co.;  Perae- 


Nature  and  cause  of  accident. 


Leg  broken  by  fall  of  rock  in  drift. 

Head,  f^K»,  and  hip  tirulsed.    Overcome  by  powder  gas  and  fell 

down  chute. 
Top  of  head  cut,  shoulders,  back,  and  upper  part  of  legs  bruised. 

While  injured  was  helping  put  skip  on  track  the  steel  bar  that 

he  was  using  lost  its  nold  and  he  fell  down  an  incline  raise 

about  125  feet. 
Lacerated  wounds  of  second  and  third  fingers,  right  hand. 

Column  bar  slipped  while  injured  was  adjusting  head  block 

and  caught  his  fingers  between  bar  and  wall. 
Contused  wound  of  left  foot  caused  by  injured's  dropping  rock 

on  foot. 
Two  or  three  ribs  broken  on  left  side.   Injured  was  standing  on 

<!arpenter'8  horse  setting  hangers  for  trolley  wire  when  the 

horse  turned  over  and  threw  mm  to  the  ground. 
Two  cuts  on  head.    Rock  rolled  down  from  pile  of  ore  thought  to 

befrosen. 
Left  arm  fractured  by  a  piece  of  steel  which  fell  down  a  raise 

while  iAjured  was  setting  ti mbers. 
Lower  leg  broken.   lAJured  was  riding  timber  truck  and 

attempted  to  stop  same  with  foot. 
Fracture  of  fourth  metacarpal  bone,  right  hand.   IiOai^  ^"^^ 

pulling  on  Jack  bar  when  It  sUpped  and  caused  him  to  fall  on 

nishand. 
Leg  bruised  by  fall  of  rock  in  stops. 
Flesh  torn  from  leg  by  hook  on  car.   Injured  was  walking  along 

drift  and  did  not  see  car  in  time  to  get  out  of  way. 
Contused  wounds  of  right  fofearm  from  fiEtll  of  rock  in  chute. 

Contused  wounds  of  first,  second,  and  third  fingers,  left  hand. 

li^ured  tried  to  start  small  skip  stuck  In  a  raise.    It  gave  way 

suddenly  and  his  hand  caught  oetween  the  skip  and  timbers. 
Back  hurt  and  internal  ii^unes;  fell  from  ladder. 
Lacerated  wound  of  index  finger,  right  hand.    Finger  caught 

between  bar  and  rock. 
Left  eye  ii^Jured  by  piece  of  steel  flying  fh>m  the  bit  of  a  near-by 

machine. 
Left  foot  bruised  by  falling  Jack  bar  which  ii^uied  was  using  in 

settins  drift  timbers. 
Face  ana  head  cut,  muscles  of  neck  and  back  sprained.    Injured 

was  thrown  down  by  an  air  blast. 
Felon  OD  right  index  finger  due  to  infection  of  wound  from  a 

sliver  on  a  drill  rod. 
Left  leg  bruised  and  cut  below  knee.   Injured  ran  motor  into 

standing  trip  and  caught  leg  between  a  car  and  the  motor. 
Left  lesoroken  below  knee.    Had  helper  loosen  clamp  on 

tripocT  and  machine  fell  off,  striking  ii^ured  on  leg. 
Bruised  leg.   Fall  of  ground  in  a  raise. 
Brulaedflnger.   Bteelinmachinebrokeythrowingitacainstwall. 
One  or  two  small  bones  broken  in  foot.   Injured  was  lifting  rook 

into  the  car  when  it  broke  and  fUl  on  foot. 
Right  side  uid  both  anns  injured.   Injured  stepped  off  motor 

whUe  in  motion  and  grabbed  the  ladaer,  and  the  moving  car 

crushed  him  between  car  and  ladder. 
Bums  on  face  and  hands,  bruises  on  arms,  legs,  and  body. 

Blown  down  a  raise  by  an  exi^osion  of  methane. 
Ulcer  on  cornea,  richt  eye,  due  to  bruise  from  fiylng  rock. 
Back  and  right  leg  oruised.    Motor  ran  into  ii^ured  while  stand- 
ing in  drift  so  smoky  that  he  did  not  see  motor  approaching. 
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Table  6. — Serioui  aeddents  in  pfaoer  mina 


Date  of 
accident. 


Name  of  penon. 


NationaUty. 


A|e. 


Apr.    1 

5 
18 
19 

25 
25 

May     11 

19 
June      1 

July  10 
14 
29 

Aog.      4 
9 

10 
18 


Sept.    13 
Oct.      6 


Axel  Sandberg. 


Paal8(dialts 

James  O'Dea 

James  Molvehlll. 

William  KeUy... 


Samuel  Lowery. 
William  FUter. 


Adolph  Holtman 

Thomas  Isaacson i  Finiandcr. 


Oeorge  Oetton. 
E.Richards... 


Russian. 
English. 


George  McFeely. 
Harvey  G  Dorr. . 
JohnNeilson.... 


Scotch.. 
German. 


Daniel  DooUng. 
Carl  Karleen.... 


Alex  Kannoff '  Russian. 


Abraham  Jukko. 
O.  W.  Flowers... 


Louis  Peterson 

Dommick  Brondlno. 


Finlander. 


Italian. 


Operator. 


do..... 

Machinist. 
Laborer... 


Operator. 
Laborer.. 


Mocker. 
Mtaier.. 


do 

Carpenter. 


Timbermad. 

Mucker 

Laborer 


Operator. 
Engineer. 


Miner. 


dOr--* 

Operator. 


Pipe  man. 
Miner.... 


45' 


S 


44 


34 


ACOIDEKTB. 
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tn  AUuka  during  the  year  ended  Dec.  SI,  1916. 


Name  of  operator  and  mine. 


Nature  and  cause  of  aoddnit. 


Kleindunidt  &  Sandbeig;    Nigger- 
bead  Aaaodation. 


Paul  Sdinlts 

YukooGoldCo 

....do 

KeUy,  SampeoD  A  Colbert;  Gold  Dol- 
lar Asncktiom. 

....do. 

Cleveland  A  Howell;  Mohawk 

FInley  &  Paterson;    Deep  Channel 

Asoeiatioo. 
Howell  A  Cleveland;  ICobawk  and 

Loiaine  claims. 

— do 

Flame  Dredge  Co.;  No.  1,  above  Mel- 

aing  Creek. 
Aogist  Peterson 

Frank  Waskey:  No.  1,  bekw  Willow 

Creek. 
Yukon  Goki  Co 

Dooling,  Mcintosh  A  Patterson;  No. 

1.  below  Myrtle  Creek. 
Julian  Dredge  Co 

Howell  A  Cleveland;  Mohawk  A  Lo- 
iaine. 

do. 

O.  W.  Fkiwers's  dredge 

Pioneer  Mining  Co.;  Ault 

Howell  A  develand;  Mohawk  A  Lo- 
iaine. 


Injured  lost  sight  of  1  eye  and  iQjuied  the  other,  lost  4  fingers  on 
rlfht  hand,  had  right  lee  broken  in  2  places,  and  hearing 
affected  by  an  explosion  oidymanite  and  caps.  He  was  alone 
at  the  time  and  did  not  know  the  canse  of  the  explosion. 

Burned  and  bruised  by  explosion  caused  by  drilling  into  missed 
hole. 

Accidentally  stnick  on  the  head  by  a  hammer  which  caused  a 
slisht  wound.    This  later  became  infected. 

While  thawing  frofen  ground  ahead  of  a  dredge,  injured  stepped 
near  live  steam  point  and  crust  gave  way.  plunging  his  foot 
into  hot  muck  and  scalding  his  leg  above  the  shoe  tap. 

Kelly  raised  lighted  candle  to  examine  roof  and  ignited  gas 
pocket  which  burned  his  face  and  hands. 

Lowery  was  with  Kelly.    Face  and  hands  were  burned. 

Injured  was  timbering  drift  when  the  gravel  caved  fkx>m  the 
side  and  bn^e  his  les  below  the  knee. 

Leg  caught  between  3  large  pieces  of  froten  gravel  and  crushed 
so  badly  that  amputation  at  thigh  was  necessary. 

Leg  broken  by  slab  of  bedrock  which  slid  out  of  the  side  of  the 

Eve  ii^Juied  by  piece  of  flying  gravel. 

while  injured  was  assisting  in  uniniUng  a  line  shaft  from  a 
wagon  It  fell  and  broke  his  leg. 

Iztiured  was  timbering  shaft  when  he  lost  his  balance  and  fell 
25  feet,  straining  his  oack. 

Leg  broken  by  a  bowlder  which  fell  off  a  conveyor  in  a  hydranlie 
pipe. 

Iiuured,  while  thawing  firoien  ground  ahead  of  dredge,  attempted 
to  remove  plank  from  steam-point  hole  and  sUpped,  plunging 
his  legs  into  hole  and  scalding  theuL 

Bowlder  fell  firom  &ce  of  drift  and  struck  injured  on  foot,  break- 
ing several  small  bones. 

Injured  stood  on  winch  drum  on  dredge  without  notifying  winch- 
man,  who  started  winch  and  threw  ii^ured  against  the  dutch, 
lacerating  thigh  and  calf  of  right  leg. 

Injured  entered  old  workings  and  Ignited  a  pocket  of  gas,  which 
Dumed  his  face  and  hands. 
Do. 

Injured  thrust  his  hand  through  spokes  of  gear  wheel  to  screw 
oown  grease  cup  when  winchman,  who  had  not  been  notified 
that  anyone  was  working  on  enf^lne,  started  the  winch,  crush- 
ing the  miiued's  arm  so  badly  toat  amputatiim  was  necessary. 

Injured  lost  control  of  a  nossle  whioh  swung  around  and  broke 
2  of  his  ribs. 

Eye  was  struck  by  a  chip  from  a  bowlder  which  he  struck  with 
his  pick. 
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Table  7. — Serious  accidents  in 


Dredging. 

« 

Bydraulicking. 

m 

a 

B 
>. 

CO 

■ 

"3 
>. 

By  boiler  explo- 
sion or  burstjDg 
steam  pipes. 

• 

o 

PQ 

« 

1 

PQ 

i 

x: 

O 

• 

s 

o 

o 

> 

n 

w      By  explosives. 

By    hydraulic 
giants. 

• 

1 
o 

tn 

1 
PQ 

By    rock     while 
handling. 

1 

n 

I'- 
ll 

X 

PC 

• 

W 
& 

0 

>. 
14 

1 

S 

3 

4 

5 

8 

7 

9 

10 

11 

12 

13 

1 
1 

( 

1 

1                       ! 

1 1 

•    ■■«•••• 

I 

1 

2 


f 



I 

t 

1 

1..., 

i 

1 

1 

1 

»,^.   ..!____ 

1 

; 

i 

' 

1 

1 

*  *  "  *         1 

1 

1 

i* 

( .  _ 

1 

1 

1 

1 

1 

3 

1 

4 

1     

1 

1 

1               1 

1 

1 

'l          '    1 
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pjnser  minet  in  AloMka,  by  eau9e9f  1916. 


Underground. 

Result  of  injury. 
(Time  lost  more 
than  14  days.) 

By  fall  of  roof  or 
gravel. 

By  timber  or  hand 
tools. 

• 

1 

8 

"S. 

X 

• 

m 

S      By  falls  of  persons. 

1 

18 

1 
80 

i 

s 

By  steam  (when 
steam       points 
are  used). 

By  other  causes. 

j  Permanent    total 
disability. 

1 

Permanent  partial 
disability. 

1 

tn 

&^ 
|1 

H 

2 
...... 

3 
1 

1 
...... 

2 
...... 

1 
1 
1 
1 

21 

Name  of  company. 

15 

IS 

17 

»    1    23 

I 

' 1 

1                     , 

1 

1 

1 

DrlscoU  Bros. 

1 

1 

1 

1 

.... 

1 

K^leinr^hmidt  A  Sandberci 

!         

1 

1 

Paul  Scliults. 

..1 

Yukon  Gold  Co. 

I 

1 

1 

1 

Doolliuc  &  Pateraon. 

1 

.1 

Pioneer  Mining  Co. 
Julian  Dredge  Co. 



' 

» 

i 

1 

2 

1 

Kelly,  Sampson  &  Colbert. 

I 

1 

Finley  A  Pateraon. 

2 

4 

••••■■ 

Howell  A  Cleveland. 

1 

Flume  Dredge  Co. 

, 

1 

••■••• 

August  Peteiaon. 

1 

1 

Frank  Waskey. 

......^ ^ 

1 

0.  W.  Flowers  Dredge. 

1 — 

1 

■ 

4!       1 

4 

1 

4 

3 

1 

DATA  OH  DBEDGES,  LODE  HDTES,  AVD  PLACES  HDTES. 

Data  on  dredges,  lode  mines,  and  placer  mines  in  Alaska  for  the 
year  1916  are  presented  in  tables  8  to  10.  Table  8  gives  important 
details  in  regard  to  dredges.  Table  9  gives  the  names  of  mines, 
operator,  and  manager,  with  post  office  address,  for  the  lode  mines 
of  the  Territory,  by  districts.  Table  10  gives  the  names  of  placer 
claims  and  the  creek  on  which  the  claim  is  situated,  with  name  and 
address  of  operator,  by  districts- 

100791*— 17— Bull.  153 6 
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Table  8. — Data  on 


Name. 


Seward  PenitutUa. 


Amwicaa  Oold  Dredgiiig  Co. 

Do 

American  Tin  Dredging  Co. . 
Arctic  Dredging  Co . 


Aiotlo  Creek  Dredge  «. 
Bangor  Creek  Dredging  Co. 


Alaska 
address. 


Blue  Qoose  Hinlng  Co. 
Candle  Creek  Dreaging  Co. 
Center  Creek  Dredging  Co. 
Ernst-Alaska  Dreokini 
Flowers  Dredge. 


IgingCo. 


Flume  Dredge  Co 

Do 

Fries  Dredging  Co. . . 
Glacier  Creek  Dredge 
Goose  Creek  Dredge 


Hastings  Creek  Dredm. . 
Inmachuk  Dredging  Co.c 

Johnson  Dredge 

Julian  Mining  Co 

Kelliher  Dredge 


Kimball  Co.,  C.  E 

Do 

Moody  Mining  Co 

Northern  Light  Mining  Co 

Nome  Consolidated  Dredging  Co 

Do 

Do 

Nome-Montana- New  Mexico  Mining  &  Dredg- 
ingConsolidat<>d.a 

On>  Dredging  Co 

Plein  Mining  &  Dredging  Co.o 


York 

..do 

..do 

Nome 

..do 

..do 

Taylor... 
Council. . 
Candle... 

Nome 

..do 

Solomon. 


Council.. 

...do 

Deering.. 

Nome 

Dickson.. 

Nome 

Candle 

..do 

Nome 

Taylor... 

Nome 

..do 

...do 

Council.. 

Nome 

...do 

..do 

Solomon . 

Council.. 
Nome 


Ruby  Dredgine  Co 

Selverson  &  Jonnson  a i  Dickson. 


.do.. 


Seward  Dredginc  Co .do 

Shovel  Creek  Gold  Jiredging  Co." do 

Solomon  Dredging  ('o.« do 

Sunset  Mining  Co 

Uplift  Mining  Co 

W  arm  Creek  IJredgiag  Co. 

Wild  Goose  Mining  &  Trading  Co I  Nome 

Willow  Creek  Dredging  Co.* 1  Dickson. . . 

Windy  Creek  Dredge Teller. 


York  Tin  Dredging  Co. 


Cache  Creek, 


Cache  Creek  Dredging  Co. . . 

arcle. 

Berry  Dredging  Co.,  C.  J 

FairbatUu, 
Fairbanks  Gold  Mining  Co. 

Iditarod. 


Otter  Creek  Dredging  Co. 

Do 

Yukon  Gold  Co 


Kenai  Peninntla. 

Herron  Dredging  Co.o 

Rubp. 


Yukon  Gold  Co. 


York. 


Cache  via 
Susitna. 


Circle. 


Fairbanks. 


Iditarod... 

..do 

..do 


Creek  or 
river. 


Anioovik 

....do 

Buck 

Hobeon 

Arctia 

Bangor 

Kougarok. . . 

Ophfr 

Candle 

Center 

Nome  Beach 
Solomon 


Melsing. . . 

do.... 

Inmachuk 
Glacier... . 

Goose 

Hastings.. 
Inmachuk 
Kugruk. . . 
Osborne... 
Kougarok. 


I 


Type. 


Size  of 
bucket. 


Flume. 
....do. 


Belt  stacker. 


Belt  stacker. 


Cu.ft. 
2 

11 


Belt  stacker. 
Flume 


Flume 

Bucket 
stacker. 

Flume 

....do 


Solomon 

do 

Oanyon 

OpWr 

Burbon 

Wonder 

do 

Solomon 

Elkbom... 
Nome 


Casadepaga. 
Solomon 


....do... 
Shovel.. 
Solomon. 
Sunset.. 

Camp 

Warm... 
Ophir... 
Willow.. 
Windy.. 
Grouse. . 


Flume 

do 

Belt  stacker. 
Bucket 

stacker. 

Flume 

....do 

do 

....do 

Belt  stacker. 

....do 

do 

Bucket 

stacker. 

Flume 

Bucket 

stacker. 

Flume 

Bucket 

stacker. 
Belt  stacker. 

do 

....do 


Cache. 


Mastodon. 


Flume 

Belt  stacker. 
do 


Flume. 


.do. 


Fairbanks...    Bucket 
stacker. 


Otter. 
Black. 
Flat.. 


Flume 

do 

Beit  stacker. 


Hope 6-Mile. 


Ruby Greenstone. 


2i 
3i 


1| 

11 


il 


Bucket 
line. 


Open 
Close. 


Open 
Open. 


Close.. 
Open . 


3 
3 

2| 
2* 


Opra 
...do. 

...do. 
...do. 


Open. 
Close.. 
Open . 
..do.. 


2i 
I' 


25 


3i 

7: 


Open .. 
Close..  I 
Open.; 


Open.' 


Close.. 


Open 


Clo^. 

...di. 
...do. 


•  Not  operating  in  1916. 
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dredges  in  Aloaika,  1916. 


lUximum 
digging 
depth. 


FteL 


12 

15 


Rated 
horsepower. 


14  ' 

I 

351 


17 
14 


^2! 

12 

18 
12 


18 
16 
15 
15 

13 
13 
12 
12 
35 
70 
70 
16 

9 
12 

9 

12 

12 
15 
25 


12 
25 
12 


14 


30 


16 


18 


26 


80 
.50 


92 


140 


90 

50 


Sooroe  of  power. 


DistiOate. 
do... 


Distillate. 


Crude  oil. 


Steam... 
Distillate 


40    Distillate. 
80    Steam... 


50 
60 


107 

107 

87 

90 

60 

60 

60 

50 

310 

330 

330 

120 

18 
60 

90 
80 

236 
120 
130 


75 

160 

90 


87 


29S 


85 


107 


300 


Distillate. 
....do... 


Distillate. 
....do... 
..-.do... 
...-do... 


do. ... . 

do 

do 

do 

Electricity. 

do 

do 

Steam 


Distillate. 
Steam... 


Distillate. 
Steam... 


Electricity. 
Distillate.. 
Steam 


Distillate 

do... 

do... 


Distillate. 


Steam. 


Steam. 


DistiUate.- 

do 

Electricity. 


Actual 

capacity  in 

yards  per 

24  hours. 


1,200 
'i,'246' 


2,000 


1,600 
1,000 


700 
1,000 

1,000 
1,000 


1,400 
2,000 
1,000 
1,000 

1,000 
1,000 
1,000 
1,000 
7,000 
6,000 
6,000 
1,600 


1,000 

1,200 
1,000 

4,000 
1.200 
2,000 


1,000 
2,200 
1,000 


1,000 


2,000 


1,000 


2,000 


5,000 


dimensions 
of  hull. 


Feet. 
28*by  "m 


30  by  60 
36*  by  92 


32  by  96 
24  by  40 


24   by  46 

34  by  68 

26  by  50 

28  by  60 


30  by  02 

30  by  02 

30  by  60 

34  by  60 

30  by  60 
28  by  60 
28  by  60 
28  by  60 
48  by  114 
48  by  114 
48  by  114 
88  by   87 

16  by  24 
34   by  68 

30  by  60 
34  by   60 

40  by   86' 


45  by   85 


25iby  60 
30  by  75 
40  by  60 


28  by  60 


54  by  87 


45   by  90 


30  by  62} 


46iby   95 


Manager. 


B.  Bernard. 

Do. 
Nels  Nelson. 

F.  Middaugh. 

C.  Servatius. 
C.  Mitchell. 
John  Mathews. 
A.  N.  Kittilsen. 
Frank  Sundquist. 
Andy  Anderson. 
Philh)  Ernst. 

O.  w.  Flowers. 

C.  E.  Kimball. 

Do. 
H.  Fries. 

H.  Ames  &  A.  Guinan. 
Qeorge  A.  Adams. 
Joseph  Belleview. 

Iver  Johnson. 
V.  Julian. 
James  Kelllher. 

C.  E.  Kimball. 

Do. 
C.  L.  Peck. 
Gilbert  A.  Russell. 
John  Miles. 

Do. 

Do. 

G.  F.  Ramsey. 

Charles  Spencer. 
J.  F.  Plehi. 

W.  W.  Johnson. 
C.  O.  Seiverson. 

R.  S.  Oglisby. 
Corey  C.  Brayton. 
J.  A.  Malloch. 
Max  Hirshberg. 
A.  N.  Kittilsen. 
Charles  Milaoek. 
Fred  M.  Aver. 
Jerry  L.  Wilson. 
J.  A.  Welch. 
W.  W.  Johnson. 


Ed.  L.  Smith. 


C.  J.  Berry 


G.  Aarons. 


J.  E.  Riley. 

Do. 
E.  A.  Austin. 


Charles  Rerron. 
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MINIIS^Q  IS  ALASKA  IN  1916. 


Table  9.— Data  on  lode  mineB  in  Ahuika,  1916. 

SOUTHEASTERN  ALASKA.  « 


Operator. 


.). 


Admiralty  Alaska  Gold  Mining  Co. . . 

AlaslEa  Gold  Belt  Mining  Co 

Alaska  Gold  Mines  Co 

Alaska  Industrial  Co.    (See  Sulxer,  C.  A. 

Alaska  Juneau  Gold  Mining  Co 

Alaska  Mexican  Gold  Mining  Co 

Alaska  Txeadwell  Gold  Mining  Co 

Alaska  United  Gold  Mining  Co 

Do 

Chicagoff  Mining  Co 

Crystal  Gold  Mining  Co 

DunUm  Gold  Mining  Co 

Eagle  River  Mming  Co 

Ebner  Gold  Mining  Co 

Goldstxeam  Mining  Co 

Goodro  Mining  Co 

Qnnby  Con.  Ming.,  Smltng,  A  Power  Co.. 

Do 

Jualin  Alaska  Mines  Co 

Juneau  Sea  Level  copper  mines 

Kensington  Mining  Co 

Laklna  &  Tagish  Mines  Co 

Mount  Andrew  Mining  Co 

Nestor  Mining  Co 

Northland  Development  Co 

Pacific  Coast  Gypsum  Co 

Princeton  Mining  &  Milling  Co 

Ready  Bullion  l&ning  Co 

Rush  &  Brown 

Sea  Level  mine 

Sulser,  Chas.  A.  (lessee  Alaska  Industrial  Co. 

property). 
Thane  Exploration  Co.,  B.  L 


Mine. 


Local  addreas. 


Perseverance. 


Alaska  Juneau. 

Mexican 

Treadwell 

700  Foot 

Ready  Bullion. 
Chicagoff 


Dunton 

Eagle  River. 

Ebner 

Goldstream. 

Goodro 

It 

Mamie 

Jualin 


Kensington 

Cvmru-M<dra.. 
Mount  Andrew. 
Nestor 


Gjrpsum 

Ready  Buiiion! 


Sea  Level. 
Jumbo 


Juneau. 

do., 

do. 


JuDfeau 

Treadwell.. 

do 

do 

do 

Chiclngof . . 
Snettish&m. 

Hollis 

Amalga 

Juneau 

Ketchikan. 

do 

Hadley 

do 

Juneau 

cniichagof . . 

do 

Ketchikan. 
do 


Hadley... 

Craig 

Gypsum.. 

Dolomi 

HoUis 

Ketchikan , 
Sulzer 


Juneau. 


Manager. 


W.  &  Peckovich. 

A.  B.  Dodd. 

B.  L.  Thane. 

P.  R.  Bradley. 

Do. 

Da 

Do. 

Do. 
J.  R.  Freebura. 
Bernard  Heine. 

C.  H.  Dunton. 
B.  L.  Thane. 
George  Osbonie. 

S.  J.  (}oodro. 
M.  W.  Sweetaer. 

Do. 
H.  O.  Young. 
E.  E.  Fleming. 
B.  L.  Thane. 


J.  L. 

W.  J.  Rogais. 
John  Wick. 
P.  A.  Tucker. 
D.  C.  Stapleton. 
B.  A.  Eardley. 
H.  W.  Webber. 
U.  S.  Rash. 

Chas.  A.  Sulcer. 

B.  L.  Thane. 


COPPER  RIVER  DISTRICT. 


Alaska  Consolidated  (3opper  C^. . 
Great  Northern  Development  Co. 

Hubbard-Elliott  Copper  Co 


Kennecott  Copper  Corporation 

Do 

lAkina  &  Tagish  Mines  Co 

Mother  Lode  Copper  Mines  Co . 
North  Midas  Copper  Co 


I 

Nugget  Creek '  Strelna . 

Gray's    Copper    Phillips 

Mountain. 
Hubbard-Elliott. 


Bonansa. 


Elliott  Creek  via 

Strelna. 
Kennecott 


Jumbo do. 


Mother  Lode i  McCarthy . 

Strelna... 


H.  W.  DuBois. 
E.  F.  Gray. 

A.  J.  Elliott 

E.  T.  Staimard. 

Do. 
J.  L.  Harper. 
W.  B.  Handcock. 
O.  J.  Berg. 


PRINCE  WILLIAM  SOUND. 


Alaska  Gold 
Diamond). 


Mining  Co.  (formerly  Black 


A  laska  Mines  Corporation 

Alice  Minos  (Ltd.) 

Bennett-Daley  mine 

Big  Four  mine 

Black  Diamond.    (See  Alaska  Gold  Mining 

Co.) 
Cameron-Johnson  Ctold  Mining  Co.    (See 

Valdes  Gokl  Co.) 

Cliff  mine 

Cube  Mines  Co. ,  The 

Ellamar  Mini ng  Co 

Ellis  Imperial  Mining  Co 

Fidalgo  Mining  Co 


Schlosser 

Alice 

Bennett-Daley. 
Big  Four 


Cliff.... 
Ellunar. 


Galena  Bay  Mining  Co . 
Gold  King  mine 


Granby  Consolidated  Mining,  Smelting  <!c 
Power  Co 

(Granite  Gold  Mining  Co 

Irish  Cove  Copiwr  Co 

Kennecott  Copper  Corporation 

Do 

Landlock  Bay  Copper  Co 


Fldalgo, 


Galena  Bay. 
Ctold  King.. 


Midas. 


Granite 

Irish  Cove.... 

Beatson 

Bonanza 

I^mdlook  Bay. 


Valdes. 

do. 

....do. 

do. 

do. 


Valdes.. 

do.. 

Ellamar. 
Valdes.. 
Ellamar. 


Valdes. 
do. 


.do. 


....do.-.. 
EUamar... 
Latouche . 

do.... 

EUamar.., 


Oeob  F.  WUta. 

E.  D.  Relter. 
M.  J.  Callaghan. 
Samuel  Pepper. 
A.  Wlloox. 


H.  £.  EDU. 

Jefferson  Divinney. 

L.  L.  Middelkamp. 

H.  E.  Ellis. 

William  Mackin- 
tosh. 

Chas.  Simonsiead. 

Owners:  Frank 
Gustaveson,  .\n- 
gusChishom,Gqs 
Nelson. 

Palmer  J.  Cook. 

W.  R.  Millard. 
W.  A.  Dickey. 
E.  T.  Stannaid. 

Da 
W.  A.  Rystram. 


LODS  MIKES. 
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Table  9.^-Data  on  lode  minet  in  Alaska^  1916 — Continued. 
PRINCE  WILLIAM  SOUND— Continued. 


Opentor. 


llijiecal  King  Mining  Co. 


Mountain  King  mine 

Ramsey-BotlierfDni  Mining  Co. 


Beynoids- Alaska  De^lopment  Co . 

Sea  Coast  Mining  Co 

Sealey-DaviB  Mining  Co 


Sweepstake  Mining  Co 

Thomas-CtilnxB  Mming  Co 

Ttiree  Man  Mining  Co 

Valdes  Gold  Co.  (ftmnerly  Cameron-John^ 

son  Mining  Co.). 
Valdes  Mining  Co 


Mine. 


Mineral  King. 


Mountain  King... 
Ramsey  -  Ruther- 
ford. 


Sea  Coast.... 
Sealey-Davls. 


Sweepstake. 
BugaDoo.... 
Three  Man., 


Local  address. 


Valdes. 


.do. 
.do. 


Latoocbe. 
Valdes... 
do... 


do.. 

do.. 

Ellamar. 
Valdes.. 


.do. 


Manager. 


Russel       Herman 
and  Glen  Eaton. 
W.  L.  Smith. 
Henry  Deyo. 

Archie  Hancock. 

E.  C.  Sealey  and 

J.  M.  Davis. 
A.  L.  Singletary. 
Ton  M.  Thomas. 
W.  A.  Dickie. 
—  Saint. 


KENAI  PENINSULA. 


Bluebell  mine 

John  Gilpatrick 

Hickey  Mining  Co 

Kenai-Alaska  Gold  Mining  Co . 

Lucky  Strike  mine 

Moose  Pass  Mining  Co 

Primrose  mine 

Ronan  A  James 

Slater,  John  B 

Seheen-Xecfanermine 

Stetson  Creek  Mining  Co 


Bluehell.. 
Gilpatrick. 


Lucky  Strike. 
Moose  Pass .. 
Primrose 


Scheen-Lechner. 


Seward, 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

.....do. 

do. 

do. 


Charles  Hubbard. 
John  Gilpatrick. 

J.  R.  Hvden. 
John  Hfrshey. 
Henry  Salisbury. 
Charles  Hubbard. 

John  B.  Slater. 
H.  Hoben. 


WILLOW  CREEK. 


Alaska  Free  Gold  Mining  Co.  (See  Martin, 
Wm.) 

Brooklyn  Development  Co 

Gokl  Bullion  mine  (see  Willow  Creek  mine). 
Independenoe  Gold  Mines  Co 


Mabfe  Milling,  Mining  &  Power  Co 

Martin,  WU&m  (lessee,  Alaska  Free  Gold 

property). 
Willow  Creek  mines  (lessee.  Gold  Bullion 

property). 


Independenoe. 


Gold  Bullion. 


Knik. 


Knik.. 

do. 

do. 


.do. 


L.  S.  Robe. 
W.  E.  Bartholf. 
William  Martin. 

J.  H.  Collier. 


FAIRBANKS  DISTRICT. 


American  Eagle  mine . . 
Bondholder  mine,  The . 
Chatham  Mining  Co . .. 

Crites  &  Feldman 

Fiiedrlcb,  Alois 

Goyot,  L.  G 

Homestake  Mining  Co . 


Mayflower  mine . 


Mispah  T"tn<i 

MeAr^ur,W.T 

McCarthy  mine 

MeNell'Huddleson  mine. 

Newsboy  Mining  Co 

Pos&CoDtadi 


ReUanoe  Mng.  Co 

Rhoads-HallMinbigCo 

Tanana  Hydraulic  dc  Quarts  Mng.  Co . 
Thomas,  Hagel,  McCann  &  Micheally. 


Wyoming  &  Colorado  mine. 
Wood,  Richard 


American  Eagle. . 
Bondholder 


Crites  A  Feldman. 


Homestake . 


Mayflower. 
Mispah... 


McCarthy 

McNell-Huddleson 
Newsboy ^. 


Reliance 

Rhoads-Hall. 


Wvomlng      and 

Colorado. 
Eagle  Antimony . . 


Fairbanks. 

do.... 

....do..-. 

do.... 

do.... 

....do.... 
....do.... 


.do. 


do.... 

Berry 

Fairbanks . 

do.... 

do.... 

Olnes 


Fairbanks. 

do.... 

do.... 

Berry 


Cleary 

Fairbanks. 


E.  Tyndall. 
Si  Scrafford. 
C.Crites. 
Alois  Friedrich. 
L.  O.  Qoyot. 
Joseph  Henderson, 

lessee:     G.     St. 

George,  owner. 
Thos.  Gilmour  & 

Stevens. 
A.  Hess. 

W.  T.  McArthur. 
John  McCarthy. 
Mike  McNeU. 
Loms  Golden. 
Joe  Pos  and  John 

Contadl. 
—  Spalding. 
L.  B.  Rhoads. 

David  Thomas, 
Frank  Hagel, 
James  McCann, 
and  John  Mio* 
heally. 

Tony  Goeseman. 

Richard  Wood. 
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MIKINQ  IN  ALASKA  IN  1916. 


Table  lO.-^Data  on  plaoer  minea  in  Alasha,  1916, 

CKESANA  DISTRICT. 


Operator. 


Oaim. 


Creek. 


Local  address. 


Best  &  Oreen. 
HIU  &  Jense 


No.  7. 


bon. 


James  &  Ne 
McLellen  4c  Fagelbury . 

Murle  dE  Costelio 

Stanley.L.V 

Taylor  &  McLellen 

Whitman,  Carl 

Wright  A  McNutt 


No.  10. 


No.  3. 
No.  2. 
No.  11. 


Bonanca 

Sargent... 

Bonanza 

Bug  Gulch 

Bonanca. 

.....do 

....do 

Little  Eldorado . . . 
Bonanza 


Chiaana. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


CIRCLE  DISTRICT. 


Adamiky  liartin 

Anderson,L  P 

Armstrong,  Charles. . . 

Bayless,  Otto  G 

Beatson  4c  Nelson . . .. 

Berry,G.  J 

Bloom,  Pete 

Boyle,  Charles 

Boyle,  John , 

Clark,  A.  P 

Cochran,  John  Doe. . . 
De  Michael.  Michael. 

Erickson,  Riley , 

Fenlanaon,  Chris. . . . . 

Fisher,  August , 

Garner  dE  Berry , 

Gibbon.Billy 

Greep,  Harry , 

Hcdstrum,  John , 

Ihgalsbe,Al , 

Kflly.J.F 

Kronjaecer,  AUred.... 

Larson,  Chris. , 

Lee,O.B , 

Marigold  Mining  Co.. 

Matthews,  Dave , 

Morel  &  Johnson. ... . 

Phillips,  Thos 

Pom]Mil,Jo8 , 

Powers,  George 

Bather,  Antone  A. .. . , 

Soesniak,  Frank , 

Blaven,  Frank 

Van  Bibber,  Pat , 


Woodchopper. 
Miller  House. 
Woodchopper. 
Deadwooa. 
Woodchopper. 
Miller  House. 
Deadwood. 
Woodchopper 

Do. 
Miller  House. 
Woodchopper. 
Circle. 
Deadwood. 
Woodchopper 

Da 
Miller  House. 
Woodchopper 
Deadwood. 
Woodchopper. 
Deadwood. 
Miller  House. 
Deadwood. 
Woodchopper. 

Do. 
Miller  House. 
Woodchopper. 
Deadwood. 

Do. 

Do. 
Woodchopper. 
Deadwood. 
Woodchopper. 

Do. 
Deadwood. 


COPPER  RIVER  DISTRICT. 


Bergman.  Fred 

Brooks,  E.W 

Canaille  Bros 

Carvey,  Bert 

Dan  Creek  Mining  Co 

Elmer,  J.  M 

Esterly  A  Andrus 

Grosh*,  John 

Holmes  &  Brail 

Kraemer,  Hemple  &  Leavell. 

Miller,JohnS 

Meyer  &  Prolig 

Scnroeder,  Wmiam 


Biff  Four  Gulch.. 

Jolly  Gulch 

Big  Four  Gulch.., 

Rex , 

Dan 

Slate 

Chitltu,Rex 

Miller  Gulch 


Upper  Chesna. 
Slate,! 


Miller  Gulch 
.do. 

Slate 

Miller  Gulch 


Dempsey. 

Nadna. 

Dempsey. 

Nasina. 

McCarthy. 

Dempsey. 

Nazlna. 

Dempsey. 

Da 
Da 
Da 
Da 


CROW  CREEK  DISTRICT. 


Alaska  Crow  Creek  Mining  Co 


Girdwood  via  .An- 
chorage. 


PLAOEB  MINES. 
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Table  10. — Data  on  placer  mines  in  Alaeka,  1916 — Continued. 

FAIRBANKS  DISTRICT. 


Operator. 


Atwood,  Harry 

Bean,Z.C 

Bleeker,  Fred 

Bostrom,  Ous 

Buren,  Isaac 

BuTDsA  Qorgens 

Canniiig,  James 

Casalegno  Brothers 

Christainsen,  Sam 

Coonellv,  Frank 

Cook,  Henry 

Cook,  Nick 

DtTon.WUliam 

Driscoil  Brothers 

Edmonds  A  Broadhurst. 

Eriekson  &  Anderson 

Erickson,  Charles 

Foster,  w.H 


Fraker&Netaon.. 

Fro8eth,A.  C 

FuUer  &  Dunlap. 
Griflen  A  Grille... 

Guis,  Charles 

Guis,  Louis 

Hanot,  Charles... 
dc  Nelson. 
>,  Hans 


Haty,AI 

Hdm.  Oust 

Holmlimd,  A.  J 

Hoover  &  Larson 

Bousdale  &  ICcDonald. 

Ivexsan,  O 

JohnMm,  Oeorge 


Jahnsoo.  Ladvig 

KeUea  &  Dalton. 

Key3&  Sods,  E.  M 

KmgA  Nelson 

Kk&smlth/Victor  (see  Nigserhead  Assoc.)- 

Leach,  John 

Leach  &  Bernard 

Leedy.  William 

LeteDoer,  John 

Lokka,  John 

lIalslo0Mfth,  If 


Martfai,M.  J 

Martin  A  Blake.. 


Marx.  Gay... 

Morrb,T 

McPlke,Jolm 

Nelson,  Frank 

Nignrhead  Association. . 

Nerbmd,C.  O 

ObergA  Furland , 

Parker,  Fred 

Pearson  A  Jaoohson 

Pearson  &  Johnson , 

Qnirk,  Tom 

Raymond  &  Carey 

Renn,  Theodore 

Rogse,LeoW 

Sagen,  Alois , 


Satber,  Martin. 
ScannellyThtt. 


fflion,C.  E 

S9olieth,J.L 

Skoftland,  Tom... 
Smith  AllcOlooe. 


Soderblooni,  Qm 

Stewart,  Tool,FoweU  A  Williams. 


Claim. 


No.  11. 
No.  3.. 
No.  4.. 
No.  6.. 
No. «.. 


No.  3, 2d  tier. 


OoldHiU 

No.  15  below 

Oregon  Assoc..... 

No.  11  bench 

No.  15  below 

No.  14  below 

No.  1  below 

No.  3  below 

No.  2above 

Fraction  between 

No.  11  and  No. 

12  below. 

No.  7above 

No.  7below 

Crackerjack  bench. 
No.  5  below 


No.  5 

No.  1  below 

Serpentine  Assoc.. 
Eldorado  Assoc., 

Middle. 

No.  1  below 

GoldHUl 

No.  2,  tier  bench. . 

Hope  Bench 

No.  3  above 

No.  5  below 

No.  13  below,  2d 

tier  bench. 

No.  17 

Discovery 

No.l 


No.  13  below 

No.  1  above 

No.  4above 

NorS  above,  1st  tier 

No.  3  below 

Nigger  Baby  Frao- 

No.  6below 

No.  15  below,  2d 
tier  bench. 

No.  9 

No.  17  below 

Discovery 

No.  1  above 


No.  2  above.. 
No.  3  below.. 
No.  3  above.. 
No.  5  below.. 
No.  6  below.. 
No.  11  below. 
No.  11  below. 


No.  6above 

Favstreak  Frac- 
tion. 

No.  12  below 

No.  14  below,  1st 
tierbendi. 

No.  12  below 

Top  of  the  Ridge.. 

No.5below 

Mohawk  Exten- 
sion. 

No.  16  below 

No.  18  below 


Creek. 


Coldstream 

Wolf 

Coldstream 

Cleary 

do 

Head  of  Cfaatam. 
Dome 


Local  address. 


Ester 

Cleary 

Vault 

Coldstream 

Cleary 

Little  Eldorado. 

....do 

Wolf 

Cleary 


Little  Eldorado... 

Cleary 

Chatanlka  River.. 

Fah'banks 

Gilmore 

Pedro 

do 

Chatanlka  R  iv  er . . 
Llitle  Eldorado... 


Cleary 

Ester 

Chatanlka  River. . 

.....do 

Little  Eldorado... 

....do 

Cleary 


Goldstream 

Little  Eldoiado. 
Ready  Bullion.. 
Pedro 


Cleary. 
Ester., 
do. 


Dome. 

do, 

Cleary. 


Fairbanks. 
Cleary 


Goldstream 

Cleary 

Goldstream 

Little  Eldorado. 

Dome 

.do. 


Dome  Creek  Bench 

Fairbanks 

do 

Cleary , 

Dome , 

Cleary , 

Little  Eldoiado... 

Cleary , 

Ester 


Fairbanks. 
Cleary 


.do. 


Ester. 

Little  Eldorado. 

St.  Patrioks 


Fairbanks. 
.....do 


Fox. 
Cleary. 
Fox. 
Cleary. 

Do. 

Do. 
Olnes. 
Fairbanks. 
Berry. 
Chatanlka. 
Vault. 
Fox. 
Chatanlka. 

Do. 
Eldorado. 

Do. 
Cleary. 
Chatanlka. 


Eldorado. 
Cleary. 
Chatanlka. 
Meehan. 
Gilmore. 
Da 
Golden. 
Chatanlka. 
Eldorado. 

Cleary. 

Berry. 

ChatanikB. 

Do. 
Eldorado. 

Do. 
Chatanlka. 

Fox. 

Eldorado. 
Berry. 
Gilmore. 

Chatanlka. 
Berry. 

Do. 
Olnes. 

Do. 
Chatanlka. 

Meehan. 
Chatanlka. 

Fox. 

Chatanlka. 

Gilmore. 

Eldorado. 

Olnes. 

Do. 

Do. 
Meehan. 

Do. 
Cleary. 
Olnes. 
Chatanlka. 
Eldorado. 
Cleary. 
Berry. 

Meehan. 
Chatanlka. 

Do. 
Berry. 
Eldorado. 
Berry. 

Meehan. 
Da 
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MINING  IN  ALASKA  IN  1016. 


Table  10.— Doto  on  placer  mines  in  AUuhi,  1976— Continued. 

FAIRBANKS  DISTRICT-Oontiiiued. 


Operator. 


Claim. 


Stutt,  Oeorm 

Sullivan  &  Olson.. 

Sundine,  John 

Takkle,  Isaac 

Thompson.  A.  D.o 
Thomas,  Theodore 
Wagner,  Henry. . . . 
Weiss,  Sam 


Gold  Hill 

No.  1  above 

No.6below 

No.  ibelow 

Steer  Bench 

No.  12 

No.  6 

No.  14  below,  3d 
tier  bench. 


Greek. 


Ester 

do 

Fairbanks 

Dome 

Ghatannca  River. 

Ooldstream , 

do 

Cleary 


Local  address. 


Berry. 

Do. 
Heehan. 
OInes. 
Chatanftn 
Fox. 

Do. 
Cbatanika. 


HOT  SPRINGS  (IfANLEY)  DISTRICT. 


Book,  A 

Brandstrom  A  Anderson . 

Frank  &  Graham 

Glenn  Mining  Co 

Howell  &  Cleveland 

Hosier,  D.J 

Johnson,  Ed 

Jones  it  Stewart 

Kanallv  &  Hasting 

Lane,  A.  H 

Murray,  Mlchapl 

Hcianzie,J 

Ness,  Edward 

Olsen  &  Everson 

Peterson  &  Davidson 

Stevens,  Frank 


Deep..., 
Eureka. 
Pioneer. 


Gold  Age. 


Woodchopper. 

American 

Eureka 

Cash 

American 

Eureka 

American 

MUler 

American 

Eureka 

Boulder 

Eureka 


Tofty. 
Eureka. 

Do. 

Do. 
Tofty. 

Hot  Springs. 
Eureka. 
Tofty. 

HotSprlngB. 
Eureka. 
Hot  Springs. 
Tofty. 

HotSprhip. 
Eureka. 
Tofty. 
Eureka. 


IDITAROD  DISTRICT. 


Beatson,  Bates,  Longtin  &  Dawson. 

Brevis,  J .  L 

HcKintie  A  Mathewson 

McMillan,  R 

Manley.  Frank 

Rilley  Si  Marston 

Strandberg,  Dave 


Welch,  Al. 


No.  1  below. 


Discovery  Bench . 


Link.  Madden 
Bench, and  Up- 
grade Placer. 


Otter 

WiUow 

Chicken 

Otter 

Willow 

Otter  A  Black. 


Happy. 


Flat  City. 
Do. 
Do. 
Do. 
Do. 
Da 
Do. 


Do. 


INNOKO  DISTRICT. 


Greer  &  McNulty 

Harling,  Tom 

Pitcher  &  Van  Orsdale . 

Reich,  John 

Schwasball,  Andy 

Snalley  Brothers 

Spencer.  Fred 

Tnom  &  Higgins 

VIbh.Nels 

Warren  &  Coutts 


No.  5  below. 


Hippard  Fraction. 

No.  2  above 

No.  11  above 


Boob... 
Yankee. 
Tolstoi. 
Gaines. 
Tolstoi. 
Ophir.. 
Gaines. 
....do.. 
.....do.. 
do.. 


KENAI  PENINSULA. 


Alaska  Securities  Corp 

Mathison  Mining  Co 

Pearson,  A.  die  H. 

Renner.  John [ 

St.  Louis  Mining  &  Trading  Co! 


Cooper. 

Ophir. 

Cooper. 

Ophir. 

Cooper. 

Ophir. 
Do. 
Da 
Da 
Do. 


Seward. 


Do. 
Sunrise. 
Hope. 


a  Not  mining. 
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KOYUKUK  RIVER. 


operator. 


CoOiiis,  Bmest  M 

Holser  A  Wilson  Mioing  Co. 

Piii«el,H 

Smith,  KIHngym  &  Nebon. 

Watts,  Venum 

Webster  A  Co.,  Daniel 

Williaiiis.Mn.  Mary 

WooU,  JcbnE 


Claim. 


Creek. 


Local  address. 


Wiseman. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


MARSHALL  (WADE  HAMPTON)  DISTRICT. 


ADderson,  Jobnsen  A,  Dahl 

Betsdi,  JeanJIfcQrath  A  McDonald. 

Feclnnan  &  Webber 

Mack  &  McKinsie 

Nelson,  Nels 

Piteher.  George  M 

Smith  &  Ola«3ierio 

Waskey,  Ffeank 


No.l 

No.  1  above 

Lower  Discovery. 
Upper  Discovery. 
No.  4  above 


No.  2  above . 
Bumblebee. 


FoxOnldi. 

Willow 

do 

do 

do 


Elephant, 
illow:.. 


W 


.do. 


Fortmia  Ledge. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


RUBY  DISTRICT. 


AndenoD  A  Johnson 

Btttle  A  UndegBTde 

Blaek  ALeveredge 

Buckley  Bratheis 

Gook,  Quurlee 

Coylo  Bros.  A  O'Donnell. . . 

CoTle,  John 

Feltan,  Alex 

Qjdling  A  Anderson 

Qraham  &  Walker 

Be^trom  A  Nelson 

Barman  A  McKinnon 

Jones  ALmidin 

Kails,  A 

KiAush,  Davis  &  Olson... . 

LaBelle,  Joseph 

Larson,  Alex 

Matheson.  Oirlund  A  Wick. 
MIllerAPike 


Monaban,  John 

MoChmd.D 

Nixon  &  JCanoal 

Neihoff.  Knute  A  Dlts. 
Saleh,  Walker  &Dits.. 

Bborpshear,  J.  F 

Strite,  Charles 

Bwanson&Cale 


Thompson.Morton.  Johnson  lb  MoLaoughlin 

Van  Winkle  &  WaUaoe 

Ward,  Drake  A  Kells 

Ward  &  Bishop 

WlUeke ,  Herman 

Wyman  ABalanger 

Yukon  Gold  Co 


No.  3  above . 


No.  4 

Novikaket  Assoc. 


No.  3 

No.  2 

Novikaket  Assoc. 

No.l 

No.  2 

Alabama  Assoc... 
Windy  Bench.... 
Hagan  Fraction.. 


No.  1  above. 


Wedge  Fraction 
between  No.  2 
and  No.  3. 


Windy  Claim. 


Masoott  Bench., 
No.  2  Bench.... 
No.  3 


Banner 

Buckeye  Bench . . 
Novikaket  Assoc. 


Surprise 
O.K.... 


Fraction 


Long 

Spruce 

llat 

Long 

Poorman... 

do 

Spruce 

Tenderfoot. 
Bear  Pup.. 

Long 

Strait.... 
Duncan.... 

Birch 

Long 

Poorman... 
Tamarack.. 

Long 

Spruce 

Bear  Pup.. 


Spruce, 
llat.... 


lat 

Poorman 

Spruce 

Long 

Poorman 

Bear  Pup 

Fourth  of  July 

Flat 

"""So.::;:;::::::: 

Tamarack 

Poorman 

Head  of  Flat 

Greenstone 


Long  City. 
Poorman. 

Do. 
Long  City. 
Poorman. 

Do. 

Do. 

Do. 
LdnsCity. 

DO. 

Do. 
Poorman. 
Long  City. 

Do. 
Poorman. 

Do. 
Long  City. 
Poorman. 
Long  City. 


Poorman. 

Do. 

Do. 
Spruoe. 
Long  City. 
Poorman. 
Long  City. 

Do. 
Poorman. 
Long  City. 

Do. 
Poorman. 

Do. 

Do. 
Long  City. 


SEWARD  PENINSULA. 


ArctiolUningCo. 
Brown,  Robert... 
Qandle  Ditch  Co. 
GBrlson,Oabe.... 
Clark,  Marry. 


Gomiely  A  Jensen 

Gtameliy  A  Bros.,  Tom. 
Oardovado,A.  V 


E^Aaven  Mining  Co. 
Ftanoh,  A.  E 


Bully  HiU. 


Bessie  Bench. 


Bangor 

Sweepstake . 


Tundra  near  Little 

Dexter 

do 

Gold  Bottom 

Dexter 

Holvoke 

Boiuder 

Tnmanhnok  River. 
Jump 


Nome. 
Haycock. 
Candle. 
None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Deering. 
Candle. 


84 


MmiKG  IK  ALASKA  IK   1916i. 


Tah«b  10.— I^afa  o»  ploeer  flwiet  t» 

SEWARD  PEKDf 8ULA 


AOloor 

GOleCtc  A  McMillan. 
Oum. 


.do. 


Hamnn,  O&on  A  Etuis. 

JepnOfCvl 

Knaiqiiist,  r.  8 

LandstroiiiyA.  J 

Lw  Brothen  A  Ballanii. 

Lowell,  CO 

Landberc ,  O.  A 

McCoy,  F.  J. 


Madam,  Jens 

MebM,  Fred 

Nelaoo^Neb 

Nordhmd  Brothen. 

Olaon  Brothen 

Olaon^OttoW 

Ortaem  ABrown... 


etCTMii,  Pet«r 
foiMer  Mining  < 


_Col!*.'; 

Port«r.WaUMe 

RavenkUdft  A  Jenaon. . , 

SStogA  oiaim'. '.'..... . 

Bobeita,E.  A 

Rooaa,  TliODiM. 

Byden,  A 

Bmitliy  temoal 

Stewart,  A.  C 

Stonaiioaaa,  John 

Sanaat  Mining  Co 

SattoOyW.  L , 

SvMibafK  A  Lee 

Valflotiiie  A  Addenon.. 

Vogei,  Charlaa 

Waraing,  Frank 

Wataon,  Ttaomaa 

Wilaon,Al. 


Tundra  AsBoc. 


Do. 


UttJe.. 
OuMile. 


K 


Dime. 


Ckndle. 
Dime.. 
Little.. 
Dexter. 


Candle. 
Hi 

Si 


N( 


Do. 


N 


Little. 
Dime. 


I  MoimtBtai] 
.1  Dime 


Inmactmck  River. 

Bear 

Dime 


Dime. 


Diamond  L. 
....do 


OabORML. 
i  Dime 


Do. 
Do. 
Do. 


N 

Do. 
Hayoock 
CoondL 
Dealing. 
Ckmiia. 
Hi 
N< 


Do. 

TaOar. 


Nome. 

Ha] 

Noi 


Do. 
Do. 


8U8ITNA  RIVER. 


ly    A.    A, 


Bnbb  A  Bahani. 
Cailaon,C.J 


Duff,  Clark 

Eberliart  A  Andecaon. 


Franda  A  Foater 

Funk,  J.  C 

Ga^AMack 

Giedaken,  Wm 

Gray,  John 

Hamenmith,  Chris 

HanaenJiThns , 

Harper  Brob 

Jenkins  Frank 

East.  Nelson  A  Laraen 

Mi$£voy  A  Remmer 

Peteraon,  William 

Price,  Hugh 

Raymond,  Carl 

RioB,  John 

Rlchardaon,  R 

SmithAHoean 

Taamer  A  Bledermann 

Thunder  CnA  Mining  Co.  (M.  A.  Ellis, 

manager). 
ValdesPlaoar  Mines  Co 


Van  Eideiatein  A  Zindel. 


Waathenll  A  Andecaen. 
WolfAMaloohe 


Falla. 


Dollar. 

Lucky  Gulch.. 


Valdea. 
Falla... 


Long. 

FftUa 

Thunder... 

Bird 

Tieaauie... 

Bird 

Willow 

Nujmat 

WJ^w 

Poorman... 

Falla 

Cache 

Nunet 

Wiilow.'..*!: 
Ramsdyka. 

Nuaet:.... 


Oadie    Oeak   via 


Til 


via 


sx: 


Thunder,  Windy. 


Valdea. 


Gold... 
Spraoe. 


Do. 
Valdea  Oeak 
Gulkana. 

Do. 
Cache    Qeak 
Susltna. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Da 

Da 

Do. 

Do. 


Valdea  Cnek  via 

Gulkaoa. 

GadM   Cnek   via 

SuaitniL 

Do. 

Do. 
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TOLOVANA  DISTRICT. 


Opflntor. 


A]leiidale.Wi]]kun. 
Cnig  &  MeKtmKMi. 


Cnok,  H'ttiry.... . . . , 

DoQting&Ffttflr.... 

lotantoo  it  BQS^m. 


Jornnsoii  &  Patton 

KflUy,  SampBon  &  Colbert. 


Kittlesoa  &  Carry. 

Koebach  &  Eagler 

Uod,  Pieroe  &  Cruner. 
Psteiaoii  A.  Finley 


Pbtason  &  Andemm. . . 
PMcnoQ  A  McKinDBn.. 


PMcnoQANebon.. 


Ptloe  A  Cunos. 

lUris,  Nash,  MiUar  &  Claoaen. 

Sbaw  A  DogBBtt 

Zuber  db  Altman 


Claim. 


Hidden  Treasure 
AasodatiozL 

Ready  Bullion 

Diflcovary  Bench.. 

Gold  Dollar  Aa- 
sodation. 

Eldorado  Bench.. 

Oold  DoUar  Aa- 
eodation. 

No.  17  above 

No.  16  above 

Oan  Aaodation... 

Deep  Channel  As- 
sociation. 

Kanlettee  Bench.. 

Oold  Dollar  Aa- 
sodation. 

Virginia  Associa- 
tion. 

Eacle  Bench 

Fisn  Association. . 

Sunnyside  Bench.. 

....do 


Creek. 


Livengood. 
....do 


.do. 
.do. 
.do. 

.do. 
.do. 


.do...., 
.do..... 

.do 

.do 


.do. 
.do. 

.do. 

.do. 
.do. 
.do. 
.do. 


Local  address. 


Brooks. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 


INDEX. 


A.  P»0». 

Aoddoli  at  metal  mines,  by  CBoaes 61 

aft  mstallargiaJ  plants;  by  causes. 00 

mine,  causes  of M 

ooUeetkmofdataon 57 

iiiTestigations  of ,  Umttations  of 7 

need  of 14 

proportioaof 14 

rednrtton  of,  methods  tor 60,60 

Ser  ■!»  Fatalities;  Ii^uries. 

AJsska  Commercial  claims,  operatkHis  at 50 

Aisaka  Free  Gold  claims,  ii^uries  at,  details 

of 64,66,68,60 

opflntionsat 37 

AJaikaJimeaamJiie,  equipment  of 10 

fitalitiBS at,  details  of 13,63,63 

iB^iories  at,  detaOs  oL 64,65,70,71 

operations  in IS,  10 

Alaska  Treasure  mine,  operations  at 22 

Alaskan  Engineering  Commission,  acknowl- 

edgmentto 2 

coal  supplied  to 0 

Alioe  mines,  operatioiis  at 43 

Aoiak  dirtrict,  mining  operations  in 65 

Antimony,  production  of 4,52,56 

Tahieof 8 

Aolt  mine,  injuries  at,  details  of 72,73 

B. 

Banner  mine,  operations  at 43 

BeatBon  mine,  fatality  at,  details  of. 02,68 

Bering  RtTBrftekl,freem8e  permits  in 8,0,10 

BhiebeQ  mines,  operations  at 34,85 

Bonania  mine,  fatalities  at,  details  of 62,63 

injuries  at,  detailB  of. 66-71 

opentionsat 30-32,47,48 

Brooks,  A.  H.,  cited 3 

Burean  of  Mines,  llrst^ld  instruction  by,  need 

of. 60 

C. 

CaOsglian,!!.  J.,  acknowledgment  to 2 

GiDyon  Creek  claims,  operatioDs  at 34 

Champion  claim,  operatkms  at 36 

Chatbam  mine,  production  of  antimony  from      52 

Chichagoir  mine,  fotaUty  at,  details  of 68,63 

iqiuries  at,  details  of. 70,71 

operations  at 30 

CbiMna  district,  placer  mines  in,  list  of 80 

Circle  district,  mining  operations  in. 53 

placer  mines  in,  list  of 80 

Cliff  mine,  operations  at 44 

C«alfleklB  in  Alaska,  l^eeHise  permits  in 8-10 

proposed  restrictions  repuKling 50-60 

Government  leaea  nathms  in 8 

leasing  units  in...... 8 

ficrsiio  fields  and  districts  named: 


Coal  in  Alaska,  cost  of -, 15 

mining  of. 1 

prodnetion  of. 4 

value  of 8 

Copper,  production  of 4,55 

value  of 8 

Copper  River  district,  lode  mines  in,  list  of..  78 

mining  operations  in 30-84 

placer  mines  in,  list  of 80 

Councfl  district,  gold  from,  value  of. 56 

operatkm  of  dredges  in 56 

Crow  Creek  district,  operations  on 84 

plaoerminein 80 

Cube  claims,  operations  at. 44 

D. 

Department  of  Justice,  acknowledgment  to. .        H 

Diokey  claims,  operations  at 50 

Dolierty,R.  G.,  acknowledgment  to 2 

Doiierty  coal  mine,  operations  at 0,88 

Dredges  in  Alaska,  operation  of...  3,38,54-56,76,77 
oostsof 14,15 

types  of 76,77 

Dugdell,  W.  H.,  acknowledgment  to 3 

Dye,  R.  A.,  acknowledgment  to 2 

work  of. 6 

E. 

Eagle  district,  mining  operatioDS  in. 58 

Eagle  mine,  production  of  antimony  tnm.. .       52 

Eagle  River  claims,  operatkms  at 23 

Ebner  mine,  operatkms  at 28 

EDamar  mine,  fatalities  at,  details  of. 62,63 

ii^uries  at,  details  of. 66-n 

operations  at 44,45 

Enterprise  claims,  operatkms  at 34 

F. 

Fairbanks,  mine  experiment  station  at 8 

Fairbanks  district,  lode  mines  in,  list  oL 78 

mining  operations  in. 51 

output  of  gold  from,  value  of. 8,51 

.placer  mines  in,  list  of 81,82 

production  of  tin  in. 4 

recovery  of  Bcbeellte  in 4 

Fairhaven  district,  operation  of  dredges  in. . .       55 

Fatalities  at  metal  mines,  by  causes 61 

details  of 62,63 

empk>yer'8  liability  for 12,13 

mine,  causes  of 50 

number  of 58 

Fidalgo  claims,  operatkms  at 45,46 

First«id,  training  of  miners  in,  diflloulties  in       12 

need  of 60 

value  of 12 

First«id  contest,  descriptton  of. 12 

Friedriche  mine,  production  of  antimony  from      52 
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INDEX. 


G.  Pace. 

GttloDEBayiiiinefOperatloDSst 46 

General  Land  Office,  aekoowledgmant  to —  2 

Gilpetrick  mine,  operations  at 35 

Gladiator  daim,  operations  at 36 

Gold,  placer,  diaooveries  of. 3 

Gold  BulUoo  mine,  operations  at 40, 41, 42 

Gold  King  mine,  operations  at 46 

Gold  mines  in  Alaska,  ootpnt  of 3,52^ 

value  o'f 3 

See  also  Lode  mines;  Placer  mines;  and 

mines  named. 

Golden  Eagle  mine,  operations  at 46 

OoBhaw,G.R.,  acknowledgment  to 2 

Granite  mine,  operatkms  at 47 

Graphite,  production  of. 66 

Gypsum,  output  of ,  value  of. 3 

Gypsum  mine,  operations  at. 30 

H. 

Herbert,!.  A.,  mining  of  coal  by 9 

Hot  Springs  district,  mining  operations  in. . .  52 

output  of  gold  from. 52 

output  of  tin  from 4 

placer  mines  in,  list  of 82 

L 

Idltarod  district,  mining  operations  in 54 

placer  mines  in,  list  ot 82 

Independence  mine,  operations  at 40 

Injuries  at  metal  mines,  by  causes 61 

details  of 64-71 

at  metallurgical  plants,  causes  of 60 

mine,  causes  of 50 

number  of 58 

Innoko  district,  mining  operations  in 54-56 

placer  mines  in,  list  of 82 

It  mine,  operations  at 25,26 

J. 

Jualin  mine,  injuries  at,  details  of 68-71 

operaticois  at 23, 24 

Jumbo  mine,  fatality  at,  details  of 62, 63 

injuries  at,  details  of 64, 65 

operations  at 26,30-^ 

Juneau  district,  mining  operations  in 16-29 

output  of  gold  from 3 

K. 

Kenai-Alaska  claims,  operations  at 35 

Kenai  Peninsula,  lode  mines  on,  list  of 73 

mining  operations  on 34-37 

placer  mines  on,  list  of. 82 

Kougarok  district,  operation  of  dredges  in . . .  55 

Koyukuk  district,  mining  operations  in 54 

placer  mines  in,  list  of 83 

Kraemer,  C.  H.,  acknowledgment  to 2 

L. 

labor  in  Alaska,  conditions  of. n 

^a«««of 11,12,16 

Ia  Duke,  Oliver,  mining  of  coal  by 9 

Landlock  Bay  claims,  operations  at 48 


LeadinAlaakayOcitpiitof 52 

value  of 3 

Lignite  bed,  Cache  Creek,  section  of m 

Lode  mines,  accident  rate  at 58^50 

oosts  of  operating 14 

fMalltiesat 58 

details  of 82,63 

ii^uriesat 53 

details  of 64-71 

listot 78,79 

men  employed  in 57 

Lost  River  mine,  output  of  tin  from 4 

Lucky  Strike  mine,  operatkosaL 35,36 

Lynx  Greek  claims,  operatioos  at 34 

M. 

Ifaloney,  William,  acknowledgment  to 2 

Mamie  mine,  operations  at 35 

Ifanley  district.   See  Hot  Springs  district. 

Marble,  output  of ,  value  of 3 

Marshall  district,  mining  operatkns  in 2,53,54 

placer  mines  in,  list  of 83 

Martfai,  William,  mining  of  ooal  by 9 

Matanuska  field,  freemse  permits  in 8-10 

Matanuska-Susitna  district,  dredging  opera- 

tkmsin. 38 

mining  operatfams  in 37-43 

May  Group  claims,  injuries  at,  details  of. 68,69 

Metal  mines,  IMalltles  at,  by  causes 61 

injuries  at,  by  causes 61 

See  aUo  mines  named. 
Metallurgical  plants,  accident  rate  at 59 

fotalitiesat 58 

ii^uriesat 58 

by  causes eo 

Mexican  mine,  injuries  at,  details  of 64-6B 

operations  in 20,21 

power  for 22 

Midas  mine,  operations  at 46,47 

Mine  experiment  statkms,  work  of 8 

Mine  inspection,  Umitatioos  oL 7 

scope  of 5,6 

Mine  inspector.  Federal,  headquarters  of.....       6 

need  of  assistants  for T.fiO 

reports  oL 5 

traveling  expenses  of 7 

work  of. 1,5,6 

territorial,  work  of 1,5 

Mine  insurance  in  Alaska  mines,  rate  for 13,14 

Mine  rescue  apparatus,  need  of 13 

Mine  rescue  training,  difficulties  In 12 

need  of 13 

MlneralKIng  mine,  operations  at 48,49 

Mineral  productkm  In  Alaska,  value  of 1, 3 

Mining  industry  In  Alaska,  men  employed  in.      57 
Mining  oosts,  items  In 15 

variations  in 14,15 

Mining  methods.   See  mines  named. 

Mohawk  mine,  injuries  at,  details  of 72,73 

Mohawk  &  Loralne  dalms,  inJarlBs  at,  de- 

tailsoL 72,73 

Montana  claims,  operatloni  at 24 

Montesuma  claims,  operations  at SO 

Mount  Andrew  mine,  fstality  at,  details  of. .  62,63 

operations  at 23,27 


nrsEX. 
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N.  Page. 

NdBoo-Lott  daims,  operations  In. 18 

Nome  district,  operation  of  dredges  In 55 

Nugget  mine,  operationfl  at 40,41 

O. 

Open-pit  accidentB,  injuries  from,  by  causes . .       61 

P. 

Peisereranoe  mine,  fatalities  at,  details  of. . . .  02, 63 

injuriesat,  details  of 64-71 

operations  In 17 

power  for 18 

Petroleum  in  Alaska,  cost  of. 15 

on^ut  of *. 4 
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MINING  AND  MILLING  OF  LEAl)  AND  ZINC  ORES  IN  THE 
MISSOCRI-KANSAS-OKLAHOMA  ZINC  DISTRICT. 


By  Clasekce  A.  Wbioht. 


INTRODUCTION. 

_  * 

The  Missouri-Kansas  ^Oklahoma  lead  and  zinc  district,  better 
known  as  the  Joplin  district,  includes  the  mines  in  southwest  Missouri 
and  in  those  parts  of  Kansas  and  Oklahoma  that  are  directly  adjacent. 
(See  PI.  I.)  This  report  of  investigations  carried  on  by  the  Bureau 
of  Mines  gives  the  methods  used  in  mining  and  milling  and  indicates 
in  some  detail  the  conditions  that  affect  the  efficiency  of  those 
methods;  it  does  not  attempt  to  discuss  the  geology  of  the  district, 
except  incidentally,  as  this  has  been  described  in  numerous  reports 
by  several  geologists.  Some  of  the  more  important  recent  publica- 
tions are  those  of  the  United  States  Geological  Survey  by  Smith  and 
Siebwithal,*  Bain,*  and  also  those  of  the  Missouri  State  geological 
survey  by  Buckley  and  Buehler.*  Other  reports  are  those  by 
Schmidt  and  Leonard,^  and  Winslow,*^  of  the  Missouri  geological 
survey,  by  Haworth  and  Crane,/  of  the  Kansas  geological  survey, 
and  by  Jenney.^ 

Although  the  lead  and  zinc  ores  are  closely  associated,  the 
proportion  of  zinc  ore  mined  at  present  is  far  greater  than  in  former 
years.  For  this  reason  and  because  the  losses  in  milling  zinc  ores 
are  proportionately  greater  than  in  milling  those  of  lead,  the  zinc 
ores  are  here  given  most  consideration.  Only  the  mines  and  mills 
actually  examined  and  tested  are  discussed  in  detail,  statements  of 

0  Smith,  W.  S.  T.,  and  Slebenthal,  C.  E.,  Joplin  district  folio  (No.  148),  Oeol.  Atlas,  U.  8.  Geol.  Survey, 
1907,  ao  pp.  Slebenthal,  O.  E.,  Origin  of  the  sine  and  lead  deposits  of  the  Joplin  region,  Missouri,  Kansas, 
and  Oklahoma:  U.  S.  Geo!.  Survey  Bull.  606, 1915, 283  pp.  Smith,  W.  S.  T.,  Lead  and  zinc  deposits  of  the 
Joplin  district,  Ho.-Kan.:  U.  S.  Oeol.  Survey  Bull.  213, 1903,  pp.  197-204. 

^  Bain,  H.  F.,  Preliminary  report  on  the  lead  and  sine  deposits  of  the  Ozark  region:  Twenty-second 
Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2, 1901,  pp.  111-215. 

e  Buckley,  E.  R.,  and  Buehler,  H.  A.,  Geology  of  the  Oranby  area:  Mo.  Bureau  of  Geology  and  Mines, 
^L  4,  ad  ser.,  1906, 120  pp. 

d  Sdunidt,  A.,  and  Leonard,  A.,  Lead  and  eino  regions  of  southwestern  Missouri:  Mo.  Geol.  Survey,  vol. 
h  1874,  pp.  881-602. 

«  Wfaislow,  A.,  Lead  and  sine  deposits:  Missouri  Geol.  Survey,  vol.  6,  7, 1894. 

/  Haworth,  Erasmus,  Crane,  W.  R.,  Rogers,  A.  F.,  and  others.  Special  report  on  lead^uid  sine:  Univ. 
Oeol.  Survey  Kansas,  vol.  7, 1904. 

7  Jenney,  W.  P.,  Lead  and  sino  deposits  of  the  Mississippi  VaUey:  Trans.  Am.  Inst.  MkL  Eng.,  vol.  22, 
1894,  pp.  171-225,  643-646. 
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2  MIKING  AND  MILLING  OF  LEAD  AND  ZING   0BE8. 

results  being  restricted  to  the  mines  in  general,  with  no  special 
reference  to  any  one  mine. 

Several  mill  tests  were  made  to  determine  in  a  general  way  the 
efficiency  of  the  milling  practice  in  this  district  and  to  discover  at 
what  stage  of  the  process  the  losses  were  greatest.  Making  these 
mill  tests  proved  difficult,  for,  because  of  the  arrangement  of  the  mills 
and  the  necessity  of  estimating  the  tonnage  treated,  systematic  mill 
testing  and  sampling  can  be  done  at  only  a  few  plants.  Many  tables 
giving  results  of  miU  tests  and  screen  teste  have  been  onutted  because 
they  would  serve  only  to  emphasize  the  important  points  shown  by 
other  data  given. 

The  writer  has  tried  to  bring  out  the  possibilities  of  making  certain 
improvements  that  would  effect  a  greater  saving,  and  has  endeavored 
to  avoid  the  use  of  technical  terms  and  phrases  in  order  that  all 
statements  may  be  clear  and  easily  understood. 
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GEOLOGY  OF  ORE  DEPOSITS. 

In  general  the  district  has  a  gently  rolling,  prairie-like  surface, 
although  in  the  immediate  vicinity  of  the  larger  streams  the  topog- 
raphy is  more  broken  and  frequently  becomes  decidedly  rough. 

The  ore  bodies  of  the  district  have  definite  relations  to  certain 
geologic  formations  and  the  following  brief  simmiary  of  the  strati- 
graphy is  intended  simply  as  a  key  to  the  beds  encountered  in 
prospecting. 

The  formations  underlying  the  JopUn  district  comprise  about  1,800 
feet  of  sedimentary  beds,  ranging  in  age  from  Cambrian  to  Pennsyl- 
vanian,  resting  upon  igneous  rocks  of  pre-Cambrian  age.  lie 
generalized  section  shown  in  figure  1,  is  based  upon  the  record  of 
well  No.  6  of  the  Carthage  water  works,  Carthage,  Mo. 
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DESCRIPTION  OF  BEDS. 

The  lowest  stratified  beds  comprise  200  feet  of  sandstone  which  may 
be  correlated  with  the  Lamotte  sandstone  of  the  Ozark  region. 
Overlying  this  are  cherty  and  noncherty  dolomites ^  approximately  700 
feet  thick,  which  have  not  been  differentiated,  although  they  corre- 
spond to  the  interval  occupied  by  the  Bonneterre,  Davis,  Derby, 
Doe  Run,  Eminence,  Potosi,  and  Gasconade  formations.  The 
Roubidoux  sandstone  which  overlies  these  beds,  at  900  to  1,100  feet 
beneath  the  surface,  is  known  to  local  drillers  as  the  ''sea  level"  or 
''water"  sand  and  is  the  formation  sought  in  the  deep  wells  drilled 
for  water  supply.  The  Jefferson  City  dolomite  lies  above  the 
Roubidoux  and  averages  540  feet  in  thickness. 

Above  the  dolomite  is  a  marked  imoonformity.  In  the  southern 
part  of  the  area  a  black  shale  (Chattanooga)  of  Devonian  age  over- 
lies the  dolomite,  whereas  in  the  northern  part  a  blue  shale  of 
Mississippian  age  rests  direotly  on  it. 

The  Boone  formation,  of  Mississippian  age,  consistiag  of  cherty 
limestone  and  chert,  overlies  the  shale  and  is  the  chief  surface  forma- 
tion of  the  region;  it  is  approximately  325  feet  thiok.  Above  the 
Boone  is  the  Chester  series,  also  of  Mississippian  age.  On  the  western 
edge  of  the  district  where  this  series  overlies  the  Boone  almost  con- 
tinuously, it  consists  of  limestone  and  sandstone;  but  to  the  east  the 
Chester  beds  are  chiefly  in  depressions  or  ''sinks"  formed  during  the 
erosion  interval  between  the  deposition  of  the  Boone  and  the  Chester. 

The  Cherokee  shale  of  Pennsylvanian  age  is  the  youngest  formation 
of  the  region;  it  ia  the  surface  rock  along  the  western  edge  of  the 
district,  whereas  to  the  east  it  forms  outliers  and  occupies  sinks  or 
structural  depressions  similar  to  those  ocoupied  by  the  Chester, 
which  it  overlies. 

OBE  BODIES. 

The  ore  bodies  are  chiefly  in  the  Boone  formation  and  their  char- 
acter varies  with  their  position.  The  upper  100  to  150  feet  of  the 
forfnation  is  cherty,  crystalline  limestone,  imdemeath  which  is  2  to  8 
feet  of  ooUtio  limestone  known  as  the  Short  Creek  oolite.  Beneath 
the  Short  Creek  is  100  feet  of  cherty,  coarsely  crystalline  limestone 
similar  to  that  above.  Underlying  this  division  is  8  to  30  feet  of 
chert  known  as  the  Grand  Falls  chert.  The  lower  part  of  the  Boone 
formation  consists  of  50  to  100  or  more  feet  of  bluish  limestone  and 
chert  which  rests  upon  the  Mississippian  or  Devonian  shale. 

The  ore  bodies  above  the  Grand  Falls  chert  are  usually  irregular 
and  lie  mainly  at  the  contact  of  the  undecomposed  Boone  limestone 
and  the  shale  or  sandstone  of  the  Cherokee,  which  occupies  old  de- 
pressions or  solution  channels  in  the  limestone.  The  Grand  Falls 
chert  has  been  mineralized  rather  uniformly  over  large  areas  and 
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hence  is  known  as  sheet  ground.  In  parts  of  the  area  the  limestone 
underneath  the  Grand  Falls  chert  carries  small  mineralized  fissures 
and  openings  and  these  deposits,  where  worked,  have  usually  shown 
high  faces  of  comparatively  low-grade  ore.  In  parts  of  the  district 
the  ore  deposits  extend  into  the  underlying  shale. 

In  the  Miami,  Okla.,  area  the  shallow  deposits  are  in  the  Chester 
sandstones  where  these  have  been  fractured  so  as  to  form  a  ''bowl- 
dery "  groimd  that  in  many  respects  is  similar  to  that  of  some  shallow 
deposits  in  the  upper  part  of  the  Boone  formation. 

In  general  the  Short  Creek  oolite  and  Grand  Falls  chert  are  the 
chief  markers  or  key  beds  utilized  in  determining  geologic  horizons 
in  prospecting.  The  Short  Creek  oolite  is  approximately  100  feet 
above  the  Grand  Falls  chert  and  in  prospecting  sheet  ground  may  be 
used  to  indicate  the  depth  of  hole  necessary.  In  searching  for  ore 
bodies  above  the  Grand  Falls  it  is  usual  to  prospect  the  juncture  of 
the  Cherokee  shale  and  Boone  limestone  as  indicated  by  exposures 
of  the  two.  In  the  Miami  district  the  Cherokee  formation  can  not 
be  used  as  a  guide,  for  it  forms  most  of  the  surface. 

PROSPECTING. 

In  the  early  development  of  the  Joplin  district,  shallow  deposits 
were  sought  by  sinking  shafts  or  test  pits.  (See  PL  II.)  As  the 
shallow  ores  were  exhausted  and  mining  extended  below  water  level 
prospecting  by  shafts  became  too  expensive  and  it  has  largely  been 
superseded  by  drilling.     (See  PI.  III.) 

Chum  drills  are  used  exclusively.  The  brecciated  cherts  and  the 
many  cavities  prohibit  the  general  use  of  the  diamond  drill.  In  the 
Oronogo  Circle  mine  a  shot  drill  was  used  underground  to  prospect 
the  lower  runs  of  ore.  Near  Springfield  diamond  drills  have  been 
used  underground  a  little  in  prospecting  the  parallel  "gumbo"  runs 
in  the  shaly,  noncherty  formations  of  that  area. 

Much  of  the  chum  drilling  is  done  by  contract,  the  price  ranging 
from  $0.90  to  $1.60  per  foot.  The  maximum  depth  of  hole  is  seldom 
more  than  350  feet  and  the  average  is  probably  less  than  200  feet. 
The  usual  diameter  is  5f  inches.  The  holes  are  cased  to  solid  rock. 
In  soft  ground  the  casing  goes  to  the  top  of  the  ore  body;  if  a  lower 
run  of  ore  is  found  a  smaller  casing  is  inserted  to  its  top  in  order  to 
prevent  bits  of  ore  from  the  upper  run  salting  the  drilliJags  from. the 
lower. 

When  ore  is  strack,  samples  of  cuttings  are  taken  every  2  feet. 
Usually  the  samples  are  collected  by  emptying  the  bailer  into  a 
bucket  or  half  barrel  and  decanting  the  water  after  the  drillings  have 
settled.  A  part  of  the  sample  is  placied  in  a  pile  on  the  ground  near 
the  drill,  tags  being  used  to  show  the  depths  of  the  beds  from  which 
the  successive  piles  of  cuttings  came. 
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In  some  places  the  drillings  are  washed  with  water.  This  pro- 
cedure, however,  may  materially  affect  the  percentage  of  ore  in  the 
sample.  In  other  places  the  drillings  are  carefully  dried  and  sam- 
pled, although  a  small  part  of  the  various  piles  on  the  ground  is 
often  taken  as  a  sample  to  represent  the  ground  drilled  through. 
Of  course,  such  sampling  is  liable  to  spoil  the  value  of  the  assays. 

Commonly  a  driller  designates  the  ore  as  ''shines,"  ''good  shines,'' 
"fair  jack,"  or  "good  jack."  As  the  real  signiScance  of  such  desig- 
nations depends  upon  the  opinion  of  the  driller,  the  future  value  of 
many  records  is  virtually  lost.  Only  by  careful  sampling  and  assay- 
ing of  the  cuttings  can  reliable  records  be  had. 

In  order  to  verify  a  drill  record  a  hole  is  sometimes  shot.  After 
the  hole  is  thoroughly  cleaned  a  small  sheet-iron  pipe  containing 
dynamite  is  lowered  to  the  ore  and  the  chaise  exploded.  The  ma- 
terial loosened  by  the  shot  is  then  broken  into  particles  with  the 
drill  and  taken  out  with  the  sand  bucket.  This  method  has  given 
some  very  reliable  results. 

Hand  jigs  are  used  to  some  extent  in  development  work  and  at 
some  small  mines  that  are  in  the  prospect  stage.  (PL  IV.)  This  is 
especially  true  of  shallow  deposits  and  of  prospectors  with  little 
working  capital. 

ORE  DEPOSITS. 
OCCirBBEVCE. 

SHAPE  OF  OBB  BODIES. 

The  lead  and  zinc  ores  are  widely  distributed  throughout  in  rather 
well-defined  blanket  deposits,  better  known  as  "sheet-ground"  de- 
posits, or  in  irregular  deposits  known  as  "runs." 

In  the  sheet-ground  deposits  the  ore  bodies  lie  nearly  horizontal  be- 
tween the  bedded  layers  of  cherts.  The  seams  of  ore  vary  in  thick- 
ness from  a  fraction  of  an  inch  to  several  inches,  and  here  and  there 
contain  cavities  lined  with  crystals  of  lead  and  zinc  minerals,  with 
minor  amounts  of  iron  sulphides  and  other  associated  minerals.  The 
ore-bearing  beds  are  6  to  20  feet  thick,  and  are  more  imiform  in 
richness  and  less  liable  to  terminate  abruptly  than  the  "runs.'' 
Brecciation  is  relatively  unimportant  in  the  sheet-ground  deposits. 

The  "runs"  and  the  other  irregular  bodies  of  ore  may  be  divided 
into*  two  classes — those  in  fairly  hard  ground,  where  little  timbering 
is  necessary,  and  those  known  as ' '  soft-ground ' '  deposits,  which  require 
timbering  in  nearly  all  the  drifts.  These  ore  bodies  usually  have  an 
elongated  form  and  many  are  of  considerable  length  and  thickness.  A 
few  deposits  are  circular  or  semicircular  in  shape  and  are  known  as 
"circle"  deposits.  The  so-called  runs  and  the  irregular  ore  bodies 
are  foimd  at  shallower  depths  than  deposits  of  the  sheet-ground  type, 
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and  are  as  a  rule  considerably  richer  in  mineral  content^  often  con- 
taining large  pockets  of  nearly  pure  blende  and  galena.  These  min- 
erals are  commonly  associated  with  a  dark-colored  secondary  chert 
as  the  main  filling  material  of  fractures  and  cavities. 

QANQITE  MATERIALS. 

Chert  and  dolomite  are  the  most  important  gangue  minerals. 
Limestone,  shale, '  'soapstone/'  and  mud  are  less  important.  In  some 
of  the  deposits  the  chert  and  dolomite  are  intimately  mixed,  the  zinc 
blende  being  embedded  in  a  black  secondary  chert  that  cements  the 
gangue  and  the  blende.  Chert,  or  flint,  is  the  characteristic  gangue 
material  of  the  ore  deposits  and  can  he  recognized  in  three  different 
varieties:  The  white  chert,  the  blue  to  gray  chert,  and  the  black  or 
secondary  chert.  The  blue  chert  is  known  as  ^'live  flint,''  and  its 
occurrence  usually  indicates  the  presence  of  blende.  The  black  var 
riety,  which  has  already  been  mentioned  as  filling  fractures,  cavities, 
and  the  interstices  of  the  brecciated  rock,  is  generally  found  in  the 
brecciated  areas  closely  associated  with  sphalerite,  or  in  places  with 
galena,  and  as  a  cementing  material  or  matrix  for  the  blue  and  white 
cherts  with  zinc  blende.  The  so-called  ''cotton  rock,"  a  decomposed 
chert,  dead  white  in  color,  often  forms  layers  several  inches  thick 
near  the  surface  or  overlying  the  ore  bodies.  It  is  noticeable  in  the 
roof  of  some  of  the  ''sheet-ground"  mines,  where  it  usually  has  to  be 
taken  down  as  waste  with  the  ore  or  has  to  be  propped  with  posts  at 
frequent  intervals. 

DISTBIBXJTIOK  OF  OZIDIZBD  AND  STJLPHTDB  ORBS. 

GeneraUy  the  oxidized  ores  of  zinc  and  lead  lie  above  and  near 
the  level  of  groundwater,  the  sulphide  of  zinc  becoming  dominant 
below,  the  proportion  of  galena  growing  less,  and  that  of  iron  sulphides 
greater  as  the  depth  increases.  Zinc  blende  is  seldom  foimd  in  the 
weathered  zone,  for  it  becomes  oxidized,  generally  to  silicate  or 
carbonate  of  zinc,  by  the  action  of  surface  waters.  As  the  general 
course  of  these  waters  is  downward,  and  as  the  blende  is  more 
soluble  and  more  easily  oxidized  than  galena,  it  is  f oimd  at  a  greater 
depth,  below  the  influence  of  the  oxidizing  agents.  Hence,  the 
findmg  of  a  large  body  of  galena  with  blende  scattered  through  it 
indicates  the  probabiUty  of  a  good  deposit  of  blende  being  foimd 
below, 

XIVESAL  COirSTITirEirTS  OF  THE  OBES. 

Galena,  cerussite,  sphalerite,  calamine,  and  smithsonite  are  the 
minerals  of  chief  commercial  importance.  These  minerals  are 
locally  better  known  as  "lead,"  for  galena;  "blende"  or  "rosin 
jack,"  "ruby  Jack,"  "steel  jack,"  or  "blackjack"  for  sphalerite; 
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and  ''silicate"  for  calamine  and  smithsonite.  Closely  associated 
with  these  minerals  are  pyrite,  marcasite,  chalcopyrite,  calcite, 
dolomite,  and,  in  a  few  mines,  small  crystals  of  quartz.  Local 
names  are  "mimdic"  for  the  iron  sulphides,  "tiff"  for  calcite,  and 
"spar"  for  dolomite.  Besides  these,  in  a  few  of  the  mines  there 
are  small  deposits  of  bituminous  compoimds,  which  are  termed 
by  the  miners  "coal  tar"  or  "asphalt."  These  compounds,  which 
are  described  in  detail  on  page  12 ,  and  are  discussed  by  Siebenthal,^ 
occupy  small  openings  or  crevices  and  are  usually  viscous  at  the 
ordinary  temperature  in  the  mines. 

A  yellow  to  light-brown  clay  is  associated  with  the  ore,  especially 
in  the  "soft-groimd"  deposits;  and  this  clay,  although  not  a  definite 
mineral,  in  many  places  contains  considerable  zinc  silicate.  Several 
other  less  common  and  less  important  minerals  are  associated  with 
the  ores. 

DBTAILBD  DBSCBIFTION  OF  CHIEF  MINBBAI.S. 

As  the  specific  gravity  and  composition  of  the  chief  minerals 
have  a  direct  bearing  on  the  methods  of  concentration,  these  minerals 
are  described  separately.  The  physical  and  chemical  properties  of 
the  minerals  are  taken  from  Dana.^ 

SPHALERITE    OR    ZINC    BLENDE. 

Composition. — Pure  zinc  sulphide  (ZnS)=33  per  cent  sulphur  and  67  per  cent 
zinc,  but  natural  sphalerite  often  contains  small  quantities  of  iron,  manganese,  and 
cadmium,  and  rarely  other  impurities.  The  sphalerite  of  the  Joplin  district  is 
unusually  pure,  containing  little  iron  and  cadmium. 

Physical  properties, — Specific  gravity,  3.9  to  4.1;  hardness,  3.5  to  4.  Luster,  resi- 
nous to  adamantine.  Color,  conmionly  yellow  to  brown  (''rosin  jack"))  and  dark 
brown  to  black  ("blackjack*');  also  red  (''ruby  jack''),  and  almost  colorless  when 
pure.    Streak,  white  to  yellowish-brown. 

Sphalerite,  or  zinc  blende,  is  the  principal  ore  mineral  of  the  Joplin 
district.  It  occm*s  as  crystals  and  crystal  aggregates  1iniT)g  cavities; 
and  also  massive  in  seams  and  in  the  chert  breccia. 

SMITHSONITE. 

Composition. — Zinc  carbonate  (ZnC03)=  carbon  dioxide  36.2  per  cent,  zinc  oxide 
64.8  per  cent.  Content  of  metallic  zinc,  when  pure,  52  per  cent.  The  impurities, 
found  in  small  amounts,  are  the  carbonates  of  iron  and  manganese. 

Physical  properties. — Specific  gravity,  4.30  to  4.45;  hardness,  6.  Luster,  vitreous 
inclining  to  pearly.  Color  white,  often  grayish,  greenish,  brownish-white.  Streak, 
white.    Fracture  uneven  to  imperfectly  conchoidal.    Brittle. 

Smithsonite  does  not  occur  in  large  quantities,  as  compared  with 
sphalerite,  but  is  an  important  zinc  ore  in  the  district.     It  is  called 

a  8«e  Siebenthal,  C.  E.,  Origin  of  the  zino  and  lead  deposits  of  the  Joplin  region— Missouri,  Kansas, 
and  Oklahoma;  U.  S.  Geol.  Survey  Bull.  606, 1916;  pp.  205,  206. 
»  Dana,  S.  S.,  Text  book  of  mineralogy,  I90S. 
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" silicate/'  as  is  calamine,  and  it  is  sold  as  such.  The  crystals  and 
crystal  aggregates  are  often  foimd  coating  other  minerals,  especially 
sphalerite,  or  lining  cavities.  Both  smithsonite  and  calamine  are 
generally  limited  to  the  zone  of  weathering.  It  has  been  stated 
that  these  minerals  are  not  usually  foimd  in  paying  quantity  below 
a  depth  of  50  feet,  and  on  account  of  their  solubility  in  surface 
waters  are  seldom  found  at  depths  less  than  15  or  20  feet.^ 

CALAMINE  OR   ZINC   SILICATE. 

Componlion. — Zinc  silicate  (H^nSiOs)^ Silica,  25.0  per*  cent;  zinc  oxide,  67.5 
per  cent;  water,  7.5.    When  pure,  calamine  contains  M.2  per  cent  metallic  zinc. 

Physical  properties. — Specific  gravity,  3.4  to  3.5.  Hardness,  4.5  to  5.  Luster, 
vitreous.  Color,  white;  sometimes  with  a  bluish  or  greenish  shade;  also,  yellowish 
to  brown.  Transparent  to  translucent.  Streak,  white.  Fracture  uneven  to  sub- 
oonchoidal.    Brittle. 

Calamine,  commonly  known  as  ''silicate"  in  the  district,  is  found 
in  the  zone  of  oxidation,  usually  associated  with  smithsonite.  ''Tal- 
kw  clays"  often  contain  more  or  less  basic  zinc  silicate  that  has 
not  crystallized.  These  clays  are  fine  grained  and  rather  soft, 
Iiaving  a  conchoidal  fracture.  They  are  yellowish  brown  to  gray 
in  color,  and  in  the  mines  are  soft  and  plastic. 

OOSLARITE. 

Composition, — Hydrous  sulphate  of  zinc  (ZnS04-|-7H20). 

Phftical  properties.^ — Specific  gravity,  1.95  to  2.04.  Hardness,  2  to  2.5.  Luster, 
vitreous.    Color,  white,  yellowish. 

Goslarite  is  formed  by  the  decomposition  of  sphalerite,  but  is  a 
rather  rare  mineral  on  account  of  its  solubiUty  in  water.  It  has 
been  found  in  old  drifts,  usually  where  the  sulphate  of  iron  has 
been  foimd,  and  is  known  as  f errogoslarite. 

GALENA. 

Composition. — ^Lead  sulphide  (PbS)BSulphur,  13.4  per  cent;  lead,  86.6  per  cent. 

Physical  properties. — Specific  gravity,  7.4  to  7.6.  Hardness,  2.5  to  2.75.  Luster, 
metallic.  Color  and  streak,  pure  lead-gray.  Opaque.  Fracture,  flat  subconchoidal 
or  even.    Very  brittle. 

Galena,  locally  known  as  "lead,"  is  the  most  important  lead  ore 
found  iu  the  district,  but  is  of  less  commercial  importance  than 
sphalerite.  It  occurs  in  crystals  and  crystal  aggregates  in  cavities; 
also  in  massive  form,  in  seams  of  chert,  and  in  chert  breccia. 

The  galena  of  this  district  is  unusually  pure  and  is  nonargen- 
tiferous,  containing  practically  no  silver.  The  lead  concentrates 
produced  average  nearly  80  per  cent  lead.  Galena  is  found  in  vary- 
ing proportions  associated  with  sphalerite,  and  when  in  large  quan- 

•  Siebenthal,  C.  E.,  and  Smith,  W.  8.  T.,  Joplin  district  folio  (No.  148):  Oeol.  atlas,  U.  8.  Qeol. 
8arvey,  1907,  p.  12. 
ft  Brosh,  a.  J.,  and  Fenflald,  8.  L.,  Manual  of  determinative  mlneralogyi  1906,  p.  291, 

34503^— X$— Bull,  154 2 
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titles  it  lowers  the  zinc  recovery  and  the  grade  of  the  zinc  con- 
centrates produced  from  the  mills.  The  galena,  owing  to  its  high 
specific  gravity  and  mode  of  occurrence,  is  easily  separated  from 
other  minerals  hy  wet-milling  methods. 

CEBBXJSITE. 

CompontUm. — Lead  carbonate  (FbCO«)»Garbon  dioxide,  16.5  per  cent;  lead 
oxide,  83.5  per  cent;  or  lead,  77.5  per  cent. 

Pkyncal  properties. — Specific  gravity,  6.46  to  6.57.  HazdneBs,  3  to  3.5.  Luster, 
adamantine,  inclining  to  vitreouB  or  pearly.  Color,  white,  gray,  grayish  black. 
Transparent  to  subtranslucent.  Streak,  imcolorod.  Fracture,  conchoidal.  Very 
brittle. 

Only  small  amoimts  of  cerrusite  are  f oimd  at  present  in  the  mines 
of  the  district,  and  as  a  rule  only  near  the  surface.  It  occurs  as 
crystal  aggregates,  but  also  in  granular,  massive,  and  compact  forms. 

FTBrrB  AND  MABOASITE. 

Pyrile. — Composition:  Iron  sulphide  (FeS2)=Bulphur  53.4  per  cent;  iron=46.6 
per  cent.  Physical  properties:  Specific  gravity,  4.95  to  5.1;  hardness,  6  to  6.5; 
luster,  metallic;  color,  pale  brass  yellow;  streak,  greenish  black  to  brownish  black; 
opaque. 

MarcasiU. — Composition,  same  as  pyrite.  Physical  properties:  Specific  gravity, 
4.85  to  4.90;  hardness,  6  to  6.5;  luster,  metallic;  color,  pale  bronze-yellow,  deep- 
ening on  exposure;  streak,  grayish  or  brownish  black;  opaque;  fracture  uneven; 
brittle. 

These  two  minerals,  locally  known  as  ''mundic,"  are  common 
throughout  the  ores  of  the  district  in  small  quantities.  When 
present  in  more  or  less  large  amounts  in  the  zinc  ores,  they  are  det- 
rimental to  the  grade  of  concentrates  produced.  The  difficulty  in 
separating  these  sulphides  of  iron  from  blende  is  due  to  the  fact 
that  their  specific  gravities  differ  Uttle  from  that  of  the  sulphide 
of  zinc. 

The  pyrite  and  the  marcasite  occur  in  crystals,  crystal  aggregates, 
and  massive,  and  are  found  in  rather  lai^e  quantities  closely  asso- 
ciated with  the  lead  and  zinc  sulphide  ores,  in  the  mines  near  Thorn's 
Station  and  in  the  Miami,  Okla.,  district.  They  are  also  found  in 
small  amounts  in  the  country  rock  at  much  lower  depths. 

CHALCOPYRITB. 

CkympotUion. — Sulphide  of  copper  and  iron  (Gu,FeS,)aSulphur,  35.0  per  cent; 
copper,  34.5  per  cent;  iron,  30.5  per  cent. 

Physical  properties. — Specific  gravity,  4.1  to  4.3.  Hardness,  3.5  to  4.  Luster, 
metallic.  Color,  brass  yellow;  often  tarnished  or  iridescent.  Streak,  greenish  black. 
Opaque.    Fracture,  uneven.    Brittle. 

Chalcopyrite  is  present  only  in  small  amoimts  with  the  ores  of  the 
district  and  has  not  been  found  in  commercial  quantities.  It  occurs 
in  small  tetragonal  sphenoids,  and  when  these  small  crystals  are  on 
sphalerite,  one  finds  parallel  orientation  of  the  crystal  faces. 
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OALdTE. 

Compo0t<um.— CAldam  carbonate  (CaOOa)« Carbon  dioxide,  44.0  per  cent;  lime' 
56.0  per  cent.  Small  quantitieB  of  magnemnm,  iron,  manganese,  dnc,  and  lead 
may  replace  the  calcium. 

Ph/tieal  pnperHes.—Bped&c  gravity,  2.714  in  pure  crystals,  varying  somewfaat 
widely  in  impure  forms.  Hardness,  3.  Cleavage,  highly  perfect.  Luster,  vitreous 
to  Bubvitreous,  to  earthy.  Color,  white  or  colorless;  pale  shades  of  gray  and  yellow; 
abo  brown  and  black  when  impure.  Transparent  to  opaque.  Streak,  white  or 
gnyiah.    Fracture,  conchoidal,  obtained  with  difficulty. 

Caldte,  locally  known  as ''  tiff/'  is  one  of  the  most  common  minerals 
associated  with  the  ores.  It  is  the  essential  constituent  of  limestone, 
and  occurs  in  crystals  or  crystal  aggregates,  and  in  granular  form  as 
a  cement  in  chert  breccia.  In  crystal  form  it  is  most  frequently 
found  lining  cavities. 

GYPSUM. 

Compon<um.— Hydrous    calcium    sulphate    (0aSO4+ 2  H^O)"- Sulphur   trfoxide, 

46.6  per  cent;  lime,  32.5  per  cent;  water,  20.9  i>er  cent. 

Pkfsiail  prapertiei. — Si>ecific  gravity,  2.314  to  2.328  when  in  pure  crystals.  Hitrd- 
neBB,  1.5  to  2.  Luster,  pearly  to  subvitreous;  massive  varieties  often  glistening, 
sometimes  dull  earthy.  Color  usually  white;  sometimes  gray,  or  brownish  yellowl 
impure  varieties  ofteai  black,  brown,  or  reddish  brown.  Transparent  to  opaque. 
Streak  utite. 

The  gypsum  is  a  product  of  the  weathering  of  calcium  carbonate, 
and  is  seldom  found  in  the  ores  of  the  district,  except  in  small  quan- 
tities. 

DOLOMITE. 

CompoiUion. — Carbonate  of  calcium  and  magnesium  [(Ca,  Mg)  COsl^Carbon 
dioxide,  47.9  per  cent;  lime,  80.4  per  cent;  magnesia,  21.7  per  cent;  or  adcium  car- 
bonate, &4.35  per  cent;  magnesium  carbonate,  45.65  per  cent. 

Phygieal  properties. -^peci&c  gravity,  2.8  to  2.9.  Hardness,  3.4  to  4.  Luster, 
Titreous,  inclining  to  pearly  in  some  varieties.  Color,  white,  reddish,  or  greenish 
white,  Ught  gray  or  pale  buff.  Transparent  to  translucent.  Fracture ,  subconchoidal. 
BritUe. 

Dolomite  occurs  in  granular  massive  form,  and  also  in  crystal 
aggregates  lining  cavities.  As  a  rule,  it  is  closely  associated  with 
or  adjacent  to  the  ore  deposits.  It  is  commonly  known  as  ''spar" 
or  ''pink  spar"  depending  upon  the  shade  of  color.  When  this 
mineral  is  associated  in  considerable  quantity  with  the  ore,  it  is 
often  difficult  to  make  a  high-grade  zinc  concentrate,  as  the  specific 
gravity  of  dolomite  is  somewhat  higher  than  that  of  flint,  and  small 
amounts  will  be  found  with  the  zinc  concentrates. 

BABITE. 

CtmpoiUion. — ^Barium  sulphate  (BaSOf)"" Sulphur  trioxide,  34.3  per  cent;  baryta, 

85.7  per  cent. 

P^sioal  properties, — Specific  gravity,  4.3  to  4.6.  Hardness,  2.5  to  3.5.  Luster, 
vitreous,  inclining  to  resinous.    Color,  white;  also  inclining  to  yellow,  gray,  or 
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brown.    Transparent  to  translucent,  to  opaque.    Streak,  white.    Fracture  uneven. 
Brittle. 

Barium  sulphate  is  not  common  in  this  district,  and  is  found  in 
small  scattered  quantities.  It  is  more  abimdant,  however,  in  the 
Central  Missouri  district,  where  it  is  foimd  with  sphalerite  and  is 
practically  impossible  to  separate  from  the  zinc  ore  by  the  usual 
wet  methods,  although  it  is  believed  that  flotation  could  be  used  to 
good  advantage.  When  it  occurs  with  the  ore  in  the  Missouii- 
Kansas-Oklahoma  region  it  is  concentrated  with  the  zinc  and  is 
foimd  in  the  zinc  concentrates. 

QUABTZ    (chert). 

Compotition, — Silica  (SiOa)* Oxygen,  &3.3  per  cent,  silicon,  46.7  per  cent. 

Physical  properties. — SpeciiSc  gravity,  2.65  to  2.66.  Hardness,  7.  Luster,  vitreous, 
splendent  to  nearly  dull.  Colorless  when  pure;  often  various  shades  of  yellow, 
brown,  green,  gray,  blue,  black.  Streak,  white.  Transparent  to  opaque.  Fhicture 
conchoidal  to  subconchoidal  in  crystallized  forms,  uneven  to  splintery  in  some  masdve 
kinds.    Brittle  to  tough. 

In  this  district  quartz  occurs  massive  in  the  cryptocrystalliae 
form  known  as  chert  and  in  granular  aggregates  in  jasperoid,  also 
known  as  secondary  chert.  It  also  is  found  as  minute  crystals 
coating  siUceous  surfaces,  either  on  chert  or  jasperoid.  As  chert  it 
is  one  of  the  most  cormnon  minerals  of  the  district^  and  locally  is 
best  known  as  flint. 

JASPEROID. 

Jasperoid  is  a  dark  siliceous  rock  resembling  chert  and  is  often 
called  secondary  chert.  When  found  it  always  accompanies  the  ores 
in  the  sheet-ground  mines  and  is  the  matrix  of  the  chert  brecda  in 
miaes  other  than  those  in  sheet-ground. 

HYDROCARBON   COMPOUNDS. 

The  hydrocarbon  compounds  sometimes  found  with  the  ores  of 
this  district  are  generally  not  definite  minerals,  but  are  mixtiu'es,  which 
by  the  action  of  solvents  or  by  fractional  distillation  can  be  sepa- 
rated into  two  or  more  components.  These  hydrocarbons  are  mostly 
bituminous  coal,  and  bitumen,  and  are  found  in  small  quantities  in 
many  of  the  "shale  patches."  When  the  bitumen,  locally  known 
as  "tar,"  "coal  tar,"  or  "asphalt"  by  the  miners,  is  viscous,  it  often 
interferes  with  the  milling  of  the  ore  by  sticking  to  the  roUs.  Bitumi- 
nous material  has  been  especially  noted  in  the  mines  near  Miami, 
OMa.,  although  it  has  also  been  found  in  the  mines  near  Chitwood, 
Mo.,  and  in  other  parts  of  the  Missoiui-Kansas-Oklahoma  region. 
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VALUATION  OF  MINE  AND  ORE  DEPOSITS. 

VALTJATIOV  OF  MIITES  IV  BELATIOV  TO  PBOSPECTIVG. 

From  the  unoertam  extent  and  character  of  the  ore  bodies  in  the 
Joplin  district  and  the  lack  of  prospecting  or  development  work, 
other  than  chnm  drilling,  before  mining  starts,  it  would  seem  that 
the  opening  of  a  mine  represents  a  hazardous  investment.  Fortun- 
ately, the  sum  of  money  needed  to  open  a  mine  in  this  field  is  much 
less  than  in  some  mining  districts  where  larger  enterprises  are  undei- 
taken,  so  that  the  loss  from  the  failure  of  any  one  property  is  not  great. 

Many  failures  in  mining  enterprises  in  the  Joplin  field  are  due  to 
overvaluation  based  on  insufficient  prospecting  and  development 
and  to  the  payment  of  excessive  royalties.  There  are  other  causes, 
but  these  will  not  be  discussed  here. 

The  value  of  a  prospective  mine  in  this  district  is  usually  based  on 
the  zinc  and  lead  content  of  the  chum-drill  cuttings.  Unless  the  drill 
cuttings  are  fairly  rich  in  zinc,  they  aie  described  by  the  drillers 
simply  as  "shines"  or  "fair  zinc."  When  the  ore  seems  to  be  in 
fairly  payable  quantities,  the  drill  cuttings  are  assayed  for  zinc,  and 
also  for  lead  if  the  latter  is  present.  Even  with  the  assay  results, 
however,  it  is  hardly  possible  to  ascertain  the  value  of  an  ore  body. 

Several  times  shafts  have  been  sunk  and  mills  erected  on  the  basis 
of  only  three  or  four  drill  holes  that  gave  cutting^  fairly  rich  in  metal 
content.  A  few  of  these  mines  proved  to  be  of  value,  whereas  others 
were  worthless. 

Such  instances  cause  some  investors  in  the  Joplin  district,  as  well 
as  in  other  districts,  to  regard  mining  as  a  purely  speculative  and 
hazardous  enterprise,  especially  those  who  do  not  realize  that  mining 
enterprises  should  be  based  on  business  principles,  and  are  not 
famiUar  with  mining  conditions. 

As  the  value  of  a  mine  is  determined  by  its  ore  reserves  and  the 
quantity  of  available  ore  blocked  out,  sufficient  prospecting  and 
development  work  previous  to  beginning  mining  and  tniHit^g  opera- 
tions is  not  only  important  but  essential.  The  amount  of  such  work 
necessary  will  depend  on  the  richness  of  the  ore,  the  size  and  shape 
of  the  ore  body,  and  its  depth  below  the  surface,  the  location  of  the 
property  with  regard  to  other  mines  in  the  vicinity,  and  the  area  con- 
troDed  by  the  company.  Another  important  detail  that  bears  a 
close  relation  to  development  work  is  the  size  of  the  concentrating 
plant  to  be  built  for  treating  the  ore. 

The  design  and  capacity  of  the  concentrating  plant  will  depend  on 
the  character  and  the  richness  of  the  ore,  the  size  of  the  ore  body,  and 
the  tonnage  to  be  handled.  In  other  words,  the  capacity  of  the  mill 
is  more  or  less  dependent  on  the  life  of  the  mine,  and  on  whether  the 
profits  would  be  greater  by  treating  the  ore  with  a  larger  plant  in  a 
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short  time,  or  with  a  smaller  plant  dining  a  longer  period  of  time. 
The  building  of  small  and  inexpensive  plants  in  the  Joplin  district  is 
largely  a  result  of  the  ore  bodies  being  generally  small,  irregular,  and 
uncertain. 

As  the  loss  of  time  from  lack  of  a  continuous  supply  of  ore  is  more 
costly  with  a  large  plant  than  with  a  small  one,  large  central  mills 
have  not  been  considered  feasible  in  this  district.  On  the  other 
hand,  the  writer  believes  that  at  many  properties  considerably  more 
prospecting  and  development  work  would  have  shown  the  advis- 
abiUty  of  erecting  a  larger  mill  or  one  better  equipped  for  saving  more 
of  the  lead  and  zinc,  especiaJly  in  the  treatment  of  the  fine  material 

In  determining  the  value  of  a  property  many  difficulties  that  the 
investor  or  shareholder  does  not  always  realize,  or  knows  nothing 
about,  are  encountered.  A  few  of  these  difficulties  are  the  irregu- 
larity of  the  ore  bodies,  uncertainty  in  the  estimates  of  the  quantity 
of  ore  available,  overvaluation  of  the  ore  body  through  insufficient 
prospecting  and  development  work,  and  the  changes  in  the  market 
prices  for  the  metals.  In  order  to  obviate  these  difficulties  as  far  as 
possible,  the  investor  or  operating  company  must  determine,  as  con- 
ditions permit,  the  foUowing  points:  The  extent  of  the  ore  deposit; 
the  amount  of  prospecting  &nd  development  necessary  to  deliinit  the 
ore;  the  quantity  of  ore  available;  the  size  and  equipment  of  the  mill, 
with  reference  to  the  character  of  the  ore;  the  conditions  to  be  met 
in  actual  practice  on  a  coxnmercial  scale;  and,  at  all  times,  safety  in 
the  capital  invested. 

PKESEHT  STSTEM  OF  KOTAITIES  AVD  EFFECT  OH  KUDTG 

AED  KILUVO  PEAGTICE. 

Frequently  a  mine  operator  has  two  or  more  adjacent  holdings 
leased  from  different  landowners  and  has  proved  by  development  that 
the  ore  body  is  large  enough  to  last  several  years.  He  is,  however, 
not  allowed  to  treat  the  ore  mined  on  one  lease  in  a  miU  on  another 
lease,  but  is  obliged  to  erect  a  mill  on  each  property.  It  would 
therefore  seem  advisable  to  buy  the  land  outright  at  a  reasonable 
price,  but  as  such  purchase  is  not  always  possible,  the  operator  is 
compelled  to  mine  and  mill  the  ore  from  each  lease  separately. 

As  the  land  owner  seldom  mines  his  own  property  but  leases  it  for 
royalties  of  10  to  15  per  cent  of  the  gross  mineral  output,  and  the 
property  is  again  subleased  one  or  more  times,  thus  increasing  the 
royalty  to  20  or  even  30  per  cent,  the  operating  company  is  compelled 
to  use  those  milling  methods  by  which  the  lai^est  capacity  possible 
from  a  given  plant  can  be  obtained.  Consequently,  in  order  to  make 
any  profit,  milling  efficiency  is  sacrificed  and  the  mills  are  often 
greatly  overcrowded. 
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Some  of  the  operators  and  miners  try  to  mine  only  the  higher 
grade  ore,  leaving  much  of  tiie  lower  grade  ore  that  hy  itself  would 
be  unprofitable  to  mine.  In  other  words,  when  the  royalties  are 
excessive,  it  is  often  the  practice  to  gouge  the  ore.  In  consequence 
much  lean  ore  is  left  tmdergrbund  where  it  represents  a  loss  or  total 
waste  of  mineral  resources. 

Some  landowners  and  lessors  do  not  seem  to  realize  that  the  high 
royalties  obtained  through  the  subleasing  practice  are  detrimental 
to  their  interests,  as  their  financial  returns  are  less  in  the  end,  and 
many  of  the  gouged  workings  are  left  in  such  condition  as  to  hinder 
seriously  further  mining  and  prospecting  should  the  operating 
company  be  obliged  to  suspend  work.  Another  result  is  that  drifts 
are  often  left  in  such  condition  that  the  lives  of  miners  are  endan- 
gered. High  royalties  also  tend  to  reduce  wages,  because  lessees  are 
compelled  to  work  the  mine  as  cheaply  as  possible,  and  consequently 
the  labor  is  apt  to  be  less  efficient. 

On  the  other  hand,  the  present  system  of  leasing  has  an  advantage 
in  that  the  land  is  constantly  being  prospected  for  rich  ore  bodies,  and 
when  a  rich  showing  is  struck  on  a  lease,  other  persons  seek  to  obtain 
a  lease  on  adjacent  land  in  order  to  find  the  continuation  of  the  ore 
body. 

In  view  of  the  above  conditions,  a  system  of  royalties  based  on  the 
net  profits,  or  of  reduced  royalties  under  the  present  system,  espe- 
cially in  subleasing,  or  a  combination  of  the  two,  would  seem  feasi- 
Ue,  and  at  many  mines  would  result  in  more  efficient  mining  and 
nulling,  thus  improving  the  general  conditions  and  placing  the  dis- 
trict on  a  firmer  and  more  reUable  basis. 

PRODUCTION. 

The  Joplin  district  is  one  of  the  main  ore-producmg  areas  of  the 
Ozark  region,  a  dissected  plateau  occupying  most  of  the  southern 
half  of  Missouri  and  parts  of  Kansas,  Oklahoma,  a^d  Arkansas;  in 
tiiis  region  and  around  its  border  are  many  important  deposits  of 
lead  and  zinc  ore.  Not  only  is  the  Joplin  district  the  principal 
one-producing  area  of  this  region  but  its  ores  yield  more  spelter 
than  is  produced  by  any  other  district  in  the  United  States.  A 
comparison  of  the  total  mine  production  of  zinc  in  the  United  States 
for  ^e  years  1906  to  1916,  by  States,  is  given  in  Table  1  following. 
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Table  1. — Mine  production  of  zinc  in  the  United  States,  1907-1916,  in  $hort  Umzfi 


State. 


1907 


Aricona 

Arkansas 

California 

Colorado 

Idaho 

Illinois 

Iowa 

Elansas 

Kentucky 

Missouri 

Montana 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. . 

Oklahoma. 

Tennessee 

Texas 

Utah 

Virginia. 

Washington 

Wisconsin 


Total. 


114 

474 

116 

26,394 

3,493 

737 

145 

17,772 


116,752 

122 

1,084 


375 


1,667 

109 

23 

2,726 


18,490 


1908 


339 
605 


15,065 

19 

1,717 

395 

14, 119 


107,404 
820 
558 


67,165 
1,788 


4,529 

344 

18 

730 

705 


18,206 


1909 


2,989 
510 


25,605 

676 

2.163 

35 

11,445 

56 

130. 162 

4,680 

1,607 


82,510 
6,543 


7,806 
596 


4,930 
58 


23,152 


1910 


2,742 
0v4 


38,545 

2,802 

3.549 

96 

13,229 

6 

128,589 

15.819 

1,364 


68,678 
9,044 


6,394 
966 


8,184 
794 


25,927 


259,951  1234.526 


306,423   327,712 


1911 


2,281 
664 
1,404 
47.304 
4,170 
4,219 


1912 


4,379 
748 
2,173 
66,111 
6.953 
4,065 


10,272 

158 

122.515 

21.906 

1,774 


77,445 

5,119 

81 


5,150 
1,117 


8,980 

1.032 

10 

29,720 


345,260 


10,633 

491 

136,551 

13,450 

6,661 


69,755 
6,783 


142 
5,760 
2,191 

119 
8,634 

240 


33,050 


378,816 


1913 


4,714 

478 

620 

60,673 

11,587 

2.236 


10,088 

327 

124,963 

44,337 

7,210 

16 

72,156 

8,262 


10 

11,664 

5,683 

326 

9,429 

2,719 


30,110 


406,416 


1914 


4,896 

608 

195 

48,387 

21.006 

4,811 


11,284 

230 

105.994 

65,790 

6,490 

6 

74,253 

9,202 


1915       1916 


9,110 
3,200 
6,647 
52,397 
35,077 
5,534 


13,982 
10,425 

108 
7,995 

174 


31.113 


406.950 


14.365 

764 

136.300 

93,573 

12,188 

24 

116.618 

12.703 

2,456 


9.SS 

6,  §13 

7,(l2i 

67, 1« 

43,2SS 

3,«H 

21 

12,44» 

roft 

155.960 

114,630 

lts222 

9f 

llO.eii 

1^.2^ 

4,907 


14,314 

16,461 

15 

12,146 

1,267 

122 

41,403 


2S,754 

a>>,4» 

116 
14,788 

2,Vi 

SC 

56.901 


686.491  i  701,996 


a  Figures  for  1907-1915  from  Mineral  HesouroesU.  S.  for  1915:  U. S.  GMl.Survey^  1916, pt  3,p.8S9.   Figon 
for  1916  supplied  by  U.  S.  Geol.  Survey. 

The  rank  of  the  Joplin  district  as  a  zinc  producer  is  shown  by 
Table  2.  This  table  shows  the  production  of  spelter  from  the  zinc 
ores  in  Missouri  and  also  the  production  for  the  Joplin  district, 
which  includes  practically  the  total  zinc  production  from  Missouri, 
E^ansas,  and  Oklahoma.  The  percentage  of  total  production  in 
the  United  States  represented  by  Missouri  alone  and  by  the  Joplin 
district  is  also  given  for  the  different  years. 

Tabus  2. — Primary  spelter  production  from  zinc  ores  of  the  MissourirKansas^klakona 

districts. 


Bouzoe. 


Kansas  b. .  .short  tons . . 

Missouri^ do 

Oklahoma  6. . . .  .do. . . . 


Total 

IClssourl.  percentage  of 
United  States  pro- 
duction  

Joplin  district,  percent- 
age of  United  States 
production 


1906 


3,902 
190,348 


134,2501156, 
66.3 
67.2 


1907 


13,850 

141,824 

719 


,393 
63:4 
70.0 


1908 


8,628 
123,655 
2,235 


134,618 


64.8 


70.6 


1909 


1910 


9,186 

140,676 

3,008^ 


10,220 

140,652 

2,297 


163,869153,169136,630 


61.0 


66.4 


66.7 


60.7 


1911 


6,843 

137,540 

2,347 


47.0 


60.8 


1913 


6,668 

149,557 

2,041 


157,386 


46.3 


48.5 


1913 


0,966 
129,018 
6,307 


14%  871 


38La 


43.1 


1914 


114,019 


1915< 


10,634  14,365 


0,449  14,314 


134,103 


33.2 


12  44S 

i36;aoo;i3s|9a 

2S,754 


1916I 


164,939197,163 


28.2 


39.0      38.1 


22.3 


28.1 


a  Figures  are  for  mine  production  of  sine. 

&  Figures  for  1908-1916  from  annual  volumes  of  Mineral  Resources  of  United  States,  U.  B.  QeoL  Santf 
figures  for  1916  supplied  by  U.  S.  QeoL  Survey. 

The  production  of  spelter  from  the  Joplin  district  ores  has  varied 
more  or  less  during  the  past  several  years.  The  production  from  the 
Miami,  (Okla.)  camp  has  been  on  the  increase  since  1912,  and  it  is 
believed  that  before  long  it  will  rival  both  the  Joplin  and  Webb  City 
camps  in  production. 

The  tenor  of  crude  lead  and  zinc  ore  and  concentrates  produced 
in  the  Missouri-Kansas-Oklahoma  zinc  district  for  the  years  1908  to 
1916  is  given  in  Tables  3  to  6. 
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so  Mining  and  milling  of  lead  and  zinc  obes. 

GENERAL  NATURE  OF  MINING  AND  MILLING  IN  THE 

DISTRICT. 

The  methods  iis&l  in  mkung  and  milling  the  ores  in  this  district 
may  seem  crude  and  wasteful  to  one  accustomed  to  the  more 
elaborate  methods  employed  in  other  mining  districts^  but  careful 
study  shows  that  they  are  well  adapted  to  the  existing  conditions. 
The  ore  bodies  vary  widely  in  shape,  richness,  and  extent,  and  it  is 
difficult  to  calculate  the  probable  yield  of  an  ore  body  from  drill-hole 
records,  especially  in  other  than  blanket  or  sheet-ground  deposits. 
Frequently,  however,  failure  or  loss  on  investment  by  the  operating 
company  has  been  due  more  to  insufficient  drilling  and  development 
work  previous  to  erecting  the  concentrating  plant  than  to  variations 
of  the  ore  body  or  to  poor  management. 

The  generally  small  size  and  irregular  shape  of  the  ore  bodies  have 
not  encouraged  the  building  of  large,  expensive  plants.  Economy  in 
first  cost  rather  than  a  higher  saving  by  more  elaborate  and  efficient 
equipment  has  been  the  prevailing  consideration.  Increased  milling 
capacity  at  small  cost  is  sought,  a  necessary  course  where  the  ore  is 
so  low  in  mineral  content  and  the  tonnage  controlled  by  the  operating 
company  so  small  as  at  most  mines  in  this  district.  Also  the  high 
royalties  demanded  have  naturally  led  to  small  rather  than  lAige 
investments. 

Although  the  controlling  conditions  mentioned  persist  with  little 
change,  both  the  mining  and  the  milling  practice  have  greatly 
improved  during  the  past  few  years,  and  conditions  at  the  mines  are 
being  bettered  steadily.  This  result  has  largely  come  through  the 
higher  prices  received  for  zinc  and  lead  ores,  making  profitable  the 
working  of  leaner  deposits,  and  through  a  closer  saving  in  mills  by  the 
use  of  more  efficient  methods.  A  few  years  ago  ores  with  less  than 
4  per  cent  of  recoverable  mineral  content  were  considered  unworkable, 
but  now  many  deposits  of  sheet-groimd  ore  with  a  content  of  less 
than  3  per  cent  are  being  worked  with  a  good  margin  of  profit. 

One  of  the  most  noticeable  improvements  throughout  the  district 
is  the  better  saving  of  zinc  and  lead  in  the  fine  material.  Where  for- 
merly only  three  or  four  concentrating  tables  were  used  in  a  mill,  four 
or  five  times  as  many  can  now  be  f  oimd  in  later  mills  of  the  same  ca- 
pacity. The  commercial  saving  possible  by  treating  the  finest  material, 
or  slimes,  a  product  that  for  many  years  was  wasted,  is  being  realized 
more  and  more.  The  average  recovery  of  zinc  is  about  65  per  cent, 
and  a  few  of  the  better  equipped  mills  are  making  a  recovery  of  about 
70  per  cent  based  on  the  zinc  content  of  the  ore  and  as  high  as  75  or 
80  per  cent  when  the  lead  recovery  is  included.  This  is  good  prac- 
tice in  view  of  the  equipment  of  the  mills  and  the  tonnage  that 
passes  through  them.    However,  there  is  still  plenty  of  room  for 
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imjffQTement  in  many  of  the  mills,  end  it  is  to  be  hoped  that  the 
paeontage  of  saving  will  show  an  oven  more  marked  increase  dm-ing 
the  next  few  jeai^. 

MINING  METHODS. 

UVDERQBOUVI)  WORE. 

The  mining  methods  employed  vary  with  the  nature  of  the  deposits 
and  have  been  developed  to  suit  the  conditions  in  the  various  mines. 
Aa  the  ore  deposits  are  relatively  flat  and  lie  at  shallow  depths,  they 
are  reached  by  vertical  shafts  sunk  at  frequent  intervals.  The  depth 
of  shafts  usually  varies  from  100  to  300  feet,  although  the  depth  is 
Eometimes  less  than  100  feet  in  soft-ground  deposits  and  nearly  400 
feet  at  some  mines  in  the  Miami  district,  Okla.  In  general,  the  ore 
bodies  are  worked  from  one  level,  as  the  ore-be&ring  deposits  are 


Fiovn  1.— Cross  soMIod  shawlng  uudoihand  stoping  u  practiced  in  JoplEn  district. 

rarely  more  than  30  feet  thick.  Where  there  are  two  distinct  runs  of 
ore,  one  above  the  other,  separated  by  a  relatively  thick  stratum  of 
barren  rock,  the  two  runs  are  usually  mined  independently  or  sepa- 
rately, at  different  times  (see  Plate  V). 

Development  work  undei^ound  is  usually  limited,  there  being  no 
marked  distinction  between  it  and  the  mining  proper.  The  develop- 
ment work  consists  chiefly  in  sinking  shafts  to  ore  bodies  that  have 
been  located  by  drill  holes  or  by  driving  lateral  drifts,  and  in  some 
places  raises  or  winzes  are  started  in  search  of  ore  bodies  indicated  by 
mineral-bearing  fissures  or  pockets.  As  a  rule,  the  development  work 
is  not  satisfactory,  owing  to  the  irregularity  of  the  ore  bodies  and 
the  lack  of  well-defined  mineral-bearing  zones. 

Where  possible,  a  system  of  imderhand  stoping  (figs.  2  and  3)  is 
practiced,  especially  in  the  "hard-ground"  or  "sheet-ground" 
mines,  provided  the  working  face  is  high  enough  to  warrant  stoping. 
Pillars  are  left  at  frequent  intervals,  the  distance  between  centers 
and  the  thickness  of  the  piUars  depending  upoD  the  character  of  the 
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ore  body  and  the  height  of  face  mined.    Hie  methods  of  mining  used 
may  be  divided  into  " hard-gromid "  and  "Boft-ground"  mining. 

In  hard-gromid  or  "  sbeet-gromid  "  mining,  where  the  height  of  f&ce 
warrants  underhand  stoping  (see  PI.  VI),  a  machine  drill  is  usually 
set  on  a  7-foot  column  placed  at  the  upper  port  of  the  working  face,  near 
the  roof,  in  order  to  advance  a  heading  about  6  to  8  feet  high.  When 
the  heading  or  breast  has  been  advanced  15  to  25  feet  the  underl3dng 
bench  is  drilled  and  blasted.     This  bench  is  usually  9  to  12  feet 
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FlGDRE  3.— Pku  and  asctlim  ol  "sheaHniiuul "  mine  In  JopUn  distitct. 

thick,  giving  a  total  working  face  of  15  to  20  feet.  If  the  thickness 
of  oro  should  be  more,  or  the  face  higher,  than  20  feet,  an  intermediate 
bench  is  worked  between  the  heading  and  underlying  bench.  In 
some  of  the  hard-ground  mines  only  the  upper  part  of  the  ore-bearing 
deposit  can  bo  worked  at  a  profit  and  in  others  only  the  lower  part. 
This  condition  is  chiefly  due  to  the  presence  of  an  intermediate  layer 
of  practically  barren  rock,  varying  in  thickness  from  2  to  6  feet, 
which  would  have  to  be  mined  with  the  ore  if  the  two  ore-bearing 
strata  were  mined  together.  Where  stoping  is  not  carried  on,  or 
where  the  deposit  is  not  more  than  8  to  12  feet  thick  (PI  VII),  the 
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as  to  leave  an  irregular  face  to  the  best  advantage 
drilling  and  blasting. 
lilK^re  deposits  are  ''runs"  or  lai^e  and  irregular  the  ore 
k-«tton  large  enough  to  be  worked  from  more  than  one  level. 
fUtim  this  method  has  been  used,  but  in  many  places  the  ore 
f die  wed  by  raises  from  the  bottom  level,  at  which  the  mine 
Led,  to  its  upper  limits,  the  broken  ore  being  allowed  to  fall 
a  slope  or  chute  whence  it  could  be  shoveled  into  cars.  The 
method  of  mining  used  in  such  a  case  has  been  to  follow  the  ore  with 
a  heading  and  break  the  underlying  parts  by  the  usual  benching 
system.  This  method  results  in  drifts  or  cuts  40  to  80  feet  high  and 
20  to  40  feet  wide. 

Little  timbering  (see  PI.  VIII,  A)  is  done,  except  occasional  props 
or  posts  placed  wherever  necessary  to  support  slabs  and  to  prevent 
possible  scaling  of  the  roof.  However,  pillars  (see  PI.  VIII,  B)  are 
left  at  intervals  of  30  to  60  feet,  center  to  center.  They  vary  in 
thickness  from  12  to  30  feet,  depending  on  the  nature  of  the  deposit, 
the  height  of  face,  and  the  character  and  firmness  of  the  roof  and 
overlying  strata.  The  average  thickness  of  the  pillars  left  to  protect 
the  shafts  is  about  50  feet.  Wherever  possible,  the  pillars  are  of  the 
relatively  leaner  ore.  The  proportion  of  ground  left  as  pillars  is  15 
to  30  per  cent,  although  the  pillars  are  usually  trimmed  or  in  some 
mines  pulled  after  the  mine  has  been  worked  out. 

In  the  sheet-groimd  mines  the  usual  roof  is  a  layer  of  hard  flint,  3 
to  5  feet  thick,  which  serves  as  a  good  support  for  the  overlying  beds 
and  as  a  good  bedding  plane  for  the  miner  to  work  against.  Where 
this  layer  is  thin  or  lacking,  more  or  less  trimming  of  the  roof  is 
required  after  each  roimd  of  shots.  In  a  few  of  the  mines  a  thin 
layer  of  white  "cotton  rock,"  or  decomposed  chert,  2  inches  to  1  foot 
thick,  is  f oimd  in  the  roof.  As  this  rock  in  places  is  relatively  soft 
and  can  not  be  supported  by  posts,  it  has  to  be  taken  down  and 
shoveled  out  with  the  ore,  thus  increasing  the  amount  of  '^dead  rock" 
to  be  handled  and  decreasing  the  relative  richness  of  the  ore  treated. 

"Soft-groimd"  deposits  are  mined  by  driving  lateral  drifts  through 
the  ore  body,  the  walls  and  the  roof  being  supported  by  timbering  or 
by  a  combination  of  pillars  and  timbering.  Usually  the  fore-pohng 
system  of  timbering  is  used  where  the  drifts  are  narrow  and  the  face 
is  relatively  low,  whereas  square  sets  are  used  where  the  drifts  are 
fairly  wide  and  the  face  is  relatively  high.  Lagging  is  used  to  prevent 
small  pieces  of  rock  falling  into  the  drifts. 

SHAFTS. 

As  the  lead  and  zinc  deposits  mined  lie  at  comparatively  shallow 
depths,  the  ore  bodies  are  reached  by  vertical  shafts,  either  single  or 
double  compartment.    The  dimensions  of  the  one-compartment  shafts 
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vary  usually  from  4  by  5  feet  to  5  by  7  feet  in  the  clear,  whereas  those 
of  two-compartment  shafts  vary  from  6  by  10  feet  to  7  by  12  feet. 
Kecently  a  few  three-compartment  shafts  have  been  sunk. 

The  sinking  of  relatively  shallow  shafts,  40  to  100  feet  deep,  is 
usually  a  simple  matter,  but  in  the  deeper  shafts,  particularly  when 
a  large  flow  of  water  is  tapped,  more  or  less  trouble  may  arise.  Diffi- 
culties are  especiaDy  common  in  the  Miami  district  when  sinking  to 
the  lower  ore-bearing  levels,  where  the  undergroimd  flow  is  consider- 
able, and  large  pimaps  are  necessary.  It  is  believed,  however,  that 
as  new  shafts  are  sunk  and  new  mines  opened  such  trouble  from 
imderground  water  wiU  be  reduced  to  a  minimum. 

The  shafts  are  usually  sunk  according  to  the  American  center-cut 
system  and  are  6  to  12  feet  deeper  than  the  mine  level,  to  allow  room 
for  a  drainage  sump  from  which  the  mine  water  is  pumped  to  the 
surface. 

The  amoxmt  of  cribbing  used  jin  the  shaft  depends  upon  the  char- 
acter of  the  ground  penetrated  and  the  amount  of  water  entering  the 
shaft  from  lateral  water  courses.  The  shafts  in  soft-groimd  mines 
are  usually  lined  from  the  collar  to  the  mine  level  with  close  cribbing 
to  prevent  pieces  of  rock  falling  down  the  shaft  and  to  keep  out  as 
much  water  as  possible.  Where  the  ground  is  more  or  less  hard  and 
the  walls  of  the  shaft  are  fairly  firm,  the  timbers  are  placed  one  above 
the  other,  an  open  space  alternating  with  each  timber.  The  cut 
timbers  are  usually  2  by  4  inches  or  2  by  6  inches  in  size.  The  lining 
is  usually  "laced,"  which  helps  to  support  it,  keeps  the  shaft  free  from 
water  and  small  pieces  of  rock,  and  gives  the  sides  a  smooth  smf ace. 

In  the  sheet-groimd  mines  the  shaft  lining  usually  extends  only 
from  the  collar  of  the  shaft  through  the  soil  and  less  firm  ground 
near  the  surface  to  the  '  'hard  ground "  beds  of  rock. 

Usually  the  main  shaft  is  connected  directly  with  the  main  hopper 
of  the  miU.  When  two  or  more  shafts  are  used  the  distance  between 
them  is  about  300  feet. 

METHODS   OF   RAISING  AND   SINKING   SHAFTS. 

At  a  few  mines  raising  a  shaft  has  been  found  practicable.  A 
cable  attached  to  a  small  headframe  at  the  surface,  passed  througli 
a  driU  hole  to  the  imderground  workings,  supports  a  platform. 
This  platform  is  raised  and  lowered  by  means  of  the  cable,  and  is 
used  to  support  the  air  driU  and  the  drill  man.  After  a  round  of  holes 
has  been  drilled,  the  holes  are  charged  and  blasted,  the  platform 
being  removed  before  the  charge  explodes.  By  this  method  the 
face  is  always  clear  of  broken  rock.  It  has  been  found  that  the 
cost  of  raising  a  shaft  in  sheet  groimd  i$  le9S  than  that  of  sinking 
to  tho  same  depth. 
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The  cost  of  sinking  shafts  in  this  district  varies  according  to  the 
nature  of  the  ground;  the  amount  of  water  encountered,  and  the 
size  and  depth  of  the  shaft.  The  average  cost  of  sinking  to  about 
200  feet  can  be  %ured  at  $10  to  $30  per  foot. 

The  actual  cost  of  raising  a  shaft  in  sheet  ground  210  feet,  the 
size  of  shaft  being  6  by  10  feet  in  the  clear,  is  shown  in  Table  6. 

Table  6. — Cost  ofminng  shaft  in  sheet  ground. 
[Site  of  shaft  6  by  10  feet  in  the  deer;  depth  310  feet] 

Small  headframe  for  raifiing  and  lowering  cable: 

Supplies $51 .  96 

Labor 58.51 

$110.47 

Power  machinery : 

Hoiflt. 45.00 

Cable.... : 33.14 

Suppliee 65.33 

143. 47 

DnllB: 

Drilla 274.94 

Steel 218.87 

493. 81 

Explosivee: 

Powder 454. 68 

Exploders 53. 59 

Fusee 39.82 

548.09 

Labor  raising: 

Top 222 .  85 

Drilling 431.25 

Shoveling 62.97 

717. 07 

Uborsinking: 

Top 126.62 

Drilling 256.25 

381. 87 

Timbering: 

Cribbing 457.13 

Labor 59.01 

516. 14 

Compreflsed  air 350. 00 

Total  cost 3,260.92 

Cost  per  foot 15. 53 

In  contrast  to  the  figures  above^  a  shaft  was  previously  sunk  in 
similar  ground  at  the  same  mine  to  a  depth  of  240  feet  at  a  total  cost 
of  abont  $5,000,  or  $20.83  per  foot.  The  difference  in  cost  per  foot 
between  the  two  shafts  is  the  more  marked  because  the  deeper  shaft 
was  the  smaller,  measuring  5  by  10  feet  in  the  clear,  and  at  the  time 
this  shaft  was  sunk  the  average  wage  was  about  50  cents  lower  per 
shift  than  at  the  time  the  other  shaft  was  raised. 

34503*— 18— Bull.  154 8 
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DBILLING. 

As  the  chief  object  in  mining  is  to  excavate  the  most  ore  at  the 
least  cost;  certain  conditions  in  drilling  the  ore  must  be  considered  in 
order  to  obtain  the  best  efiFect  in  subsequent  blasting.  First  among 
these  are  the  character  of  the  rock  in  which  the  ore  bodies  lie — 
whether  hard;  soft,  brittle,  or  tough — and  the  form  of  the  ore  deposit, 
whether  massive  or  in  stratified  layers.  Some  rocks  are  creviced  and 
others  contain  large  cavities,  variations  that  make  it  necessary  for 
the  drill  man  to  use  his  best  judgment  in  placing  the  holes  so  that 
the  effect  of  the  explosive  in  breaking  groimd  will  be  greatest.  Too 
much  emphasis,  therefore,  can  not  be  placed  upon  the  need  of  ascer- 
taining in  advance,  as  nearly  as  possible,  the  nature  of  the  rock  to 
be  mined.  Failure  to  ascertain  it  is  apt  to  make  drilling  and  blasting 
costs  unnecessarily  high. 

TYPES  OF  DRILLS  USED. 

Several  makes  of  machine  drills  are  used  m  this  district,  but 
practically  all  are  percussion  drills  driven  by  compressed  air.  The 
air  leaves  the  compressor  at  a  pressure  of  90  to  100  pounds,  the 
pressure  at  the  rock  drill  being  about  5  to  10  per  cent  less  because  of 
leakage  and  other  losses  in  transmission.  At  some  of  the  mines  the 
air  compressors  are  overtaxed  in  order  that  as  many  drills  as  pos- 
sible may  be  used,  thus  reducing  still  more  the  effective  air  pressure. 

CHARACTER  OF  ROCK. 

The  rock  drilled,  chiefly  flint,  is  hard  and  brittle  and  rapidly  wears 
the  cutting  edge  of  the  bit,  but  because  of  its  brittleness  it  is  more 
easily  fractiu:ed  by  the  concussion  of  the  drill.  In  some  of  the  mines 
the  gangue  rock  is  tough,  so  that  the  footage  per  shift  is  less,  whereas 
in  other  deposits  it  is  more  or  less  soft  and  the  footage  for  the  same 
amount  of  time  consumed  in  drilling  is  much  greater  than  the  average. 
The  average  footage  for  drilling  in  sheet  groimd  is  20  to  50  feet  per 
8-hour  shift  for  each  drill,  varying  with  the  character  of  the  ground 
and  the  skill  of  the  drill  man.  Owing  to  the  abrasive  action  of  the 
flint  on  the  cutting  edges  of  bits,  changes  every  2  feet  are  often 
necessary,  and  therefore  the  proper  tempering  of  the  steel  when  bits 
are  sharpened  is  of  much  importance. 

DEPTH   OF  HOLES. 

The  length  of  the  holes  drilled  varies  with  the  height  of  the  working 
face  and  the  method  of  mining.  Where  the  face  is  about  10  feet 
high,  and  no  stoping  is  done,  the  holes  are  8  to  10  feet  long.  When 
imderhand  stoping  or  benching  is  used  the  holes  for  advancing  the 
headiog  are  usually  6  to  7  feet  long,  whereas  those  drilled  horizontally 
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in  the  imderiying  bench,  which  is  called  the  ''stope,"  are  usually 
12  to  14  and  sometiines  16  to  18  feet  long.  The  average  diamet^ 
of  the  diill  holes  is  about  3  to  3)  inches  at  the  mouth  and  1}  to  1) 
inches  at  the  bottom,  depending  on  the  length  of  the  hole.  Each 
driU  is  usually  run  by  a  drill  man,  known  as  a  machine  man,  and  one 
helper. 

BOCK  DUST  AND  METHODS  OF  ABATEMENT. 

In  drilling  horizontal  holes  in  dry  ground,  especially  in  sheet  groimd; 
al&ige  proportion  of  the  cuttings  and  finely  powdered  dust  gradually 
passes  out  of  the  hole  at  the  mouth.  Before  any  ''squibbing"  or 
blasting  is  done,  these  cuttings  must  necessarily  be  removed.  Until 
recently  this  was  generally  accomplished  by  inserting  a  long  iron 
pipe  about  half  an  inch  in  diameter,  connected  with  the  air  hose,  into 
the  drill  hole.  When  the  air  under  pressure  was  turned  on,  this  fine 
flinty  dust  was  blown  from  the  hole  into  the  drift,  where  the  miners 
inhaled  it.  Drilling  and  blowing  dry  holes  has  been  one  of  the 
chief  causes  of  lung  diseases  among  the  miners  of  the  Joplin  district. 
It  is  believed  that  much  of  what  is  known  as  "miners'  consumption" 
is  caused  by  sharp  particles  of  siliceous  dust,  especially  flint,  being 
embedded  in  the  lung  tissue,  forming  small  receptacles,  and  that  the 
lungs  when  affected  in  this  way  are  much  more  susceptible  to  the 
germs  of  tubercidosis  and  other  diseases.  In  view  of  the  particularly 
harmful  effect  of  the  rock  dust  in  the  sheet-ground  mines,  a  cooper- 
atiye  investigation  was  carried  on  in  the  Joplin  district  by  the  Federal 
Bureau  of  Mines,  the  United  States  Pubhc  Health  Service,  the  State 
mine  inspectors,  and  the  mine  operators. 

The  investigation  was  conducted  by  A.  J.  Lanza,  passed  assistant 
surgeon  of  the  Bureau  of  Public  Health  Service,  and  Edwin  Higgins, 
formerly  of  the  Bureau  of  Mines,  under  the  supervision  of  G.  S.  Rice, 
chief  mining  engineer  of  the  Bureau  of  Mines.  A  survey  was  made 
of  the  conditions  in  the  mines  with  special  reference  to  rock  dust 
produced  in  the  sheet-ground  mines  by  drilling,  blasting,  and  shovel- 
ing. The  results  of  these  investigations  were  published  shortly 
afterwards,  in  the  form  of  a  preliminary  report.** 

Following  this  investigation  the  State  mine  inspectors  recommended 
certain  regulations  and  laws  to  be  passed  for  the  abatement  of 
unnecessary  dust  in  the  mines  and  of  other  insanitary  conditions 
affecting  the  health  of  the  miners.  A  final  report  of  the  investigation 
has  since  been  published  by  the  Bureau  of  Mines  as  Bulletin  132.^ 

Owing  to  the  more  stringent  regulations  adopted  and  the  careful 
and  efficient  inspection  of  the  mines  by  the  State  officials;  the  drill 

«Uiua,  A,  J.,  and  Hlgg^,  Edwin,  Pulmonary diseaae  among  miners  in  the  Joplin  district,  Missouri,  a 
Pnliminary  report:  Tedmloal  Paper  105,  Bureau  of  Mines,  1913, 48  pp. 

ft  Hijgins,  Edwin,  Lansa,  A.  J„  Laney,  F.  B.,  and  Rice,  G.  B.,  Bilioeous  dust  in  relation  to  pulmonary 
diaeaseamong  miners  in  the  Joplin  district,  Missouri:  Bull.  132,  Bureau  of  Mines,  1917, 112  pp. 
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cuttings  are  now  removed  from  the  holes  by  the  use  of  a  water  hose, 
which  is  also  used  for  spraying  down  the  faces  and  broken  ground, 
thus  reducing  to  a  minimum  the  rock  dust  suspended  in  the  air. 
The  State  mine  inspectors  at  the  time  of  this  investigation  were 
Ira  L.  Burchy  Walter  W.  Holmes,  and  C.  M.  Harlan. 

PLACING   OF  HOLES. 

To  insure  efficiency  in  blasting  careful  attention  is  necessary  in 
drilling  and  placing  the  holes.  The  miner  or  machine  man  should 
be  familiar  with  the  nature  of  the  ground,  in  order  to  arrange  his 
holes  to  assure  the  most  effective  results.  He  should  asoertain  the 
direction  of  the  line  of  least  resistance  and  drill  the  holes  in  such  a 
direction  that  the  charge  will  break  most  effectively  with  the  minimum 
amoimt  of  powder  that  part  of  the  face  which  he  wishes  to  remove. 
Other  important  factors  that  should  be  considered  in  breaking  ground 
are  the  irregularities  of  the  face  and  the  form  in  which  it  will  be  left 
after  the  round  of  shots  is  iSred.  The  mine  foreman  should  con- 
stantiy  try  to  foresee  the  condition  of  the  face  after  shooting,  and 
should  have  the  machine  men  follow,  as  far  as  practicable,  a  system 
that  leaves  the  face  most  accessible  for  subsequent  drilling  and  blast- 
ing. As  the  use  of  explosives  is  one  of  the  most  important  items  of 
cost  in  hard-ground  mining  in  this  district,  their  use  to  the  best 
advantage  should  always  be  considered.  These  considerations  are 
followed  in  many  of  the  mines  throughout  the  district. 

BLASTINa. 

The  effectiveness  or  efficiency  of  an  explosive  is  usually  measured 
by  the  quantity  of  rock  broken  and  the  quality  of  the  product. 
Ihe  gases  generated  by  the  shot  exert  pressure  in  every  direction, 
and  the  result  will  depend  on  the  character  of  the  rock  in  which  the 
explosive  is  used,  the  kind  of  explosive,  the  manner  in  which  it  is 
used,  and  the  method  by  which  it  is  exploded. 

CHARACTEB  OF  EXPLOSIVES  USED. 

The  strength  of  the  explosive  most  used  in  this  region  is  equivalent 
to  that  of  a  35  to  40  per  cent  ''straight"  nitroglycerin  dynamite. 
The  ''straight"  nitroglycerin  dynamites  are  quick  acting  and  are 
said  to  have  a  greater  disruptive  force  than  other  commercial  types 
of  explosives.** 

In  wet  holes  geiatin  dynamite  is  used,  as  it  is  relatively  impervious 
to  water,  whereas  for  dry  holes  the  low-freezing  aromonia  dynamites 
are  much  used.    The  ammonia  dynamites  have  a  lower  rate  of  deto- 

a  Mnnroe,  C.  E.,  and  Hftll,  ClarenoSy  A  primer  on  exploBives  (or  metal  miners  and  qaarrymai:  Bafl. 
80^  Boreau  of  Mines,  1915,  p.  32. 
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nation  and  their  action  is  more  a  pushing  and  less  a  shattering.  They 
have  the  disadvantage,  however,  of  taking  up  moisture,  and  conse- 
quently must  be  kept  in  a  dry  place. 

STOHAGE   OF   EXPLOSIVES. 

ExplosiveB  reach  the  mines  in  50-poimd  boxes  containing  80  to 
140  cartridges^  according  to  the  kind  of  explosive  used.  The  usual 
supply  kept  at  the  mines  is  15  to  40  boxes;  these  are  stored  on  the 
surface  in  a  magazine  situated  about  300  feet  from  the  mill  and 
other  buildings.  The  magazines  are  generally  built  of  wood  with 
double  walls,  the  space  between  the  walls  being  filled  with  tailings  or 
manure,  and  many  are  surrounded  on  three  sides  by  tailings.  Thesd 
buildings  are  used  not  only  as  magazines,  but  as  thawing  houses^  and 
are  equipped  with  steam  pipes,  or  other  means  of  heating,  to  keep  the 
dynamite  at  a  temperature  above  its  freezing  point.  Some  of  the 
mines  have  smaJl  magazines  imdeiground  but  these  are  used  only  for 
the  storage  of  fuse  and  detonator^  and  for  the  day's  supply  of  explosive. 
These  are  situated  away  from  the  main  drifts  and  wor^ng  faces. 

LOADING  THE  HOLES. 

The  cartridges  are  prepared  and  are  loaded  into  the  holes  by  a 
' 'powder  man, "  who  usually  has  a  helper.  Each  stick  of  dynamite  is 
sliced  down  the  side  and  is  loaded  separately 


1^ 


& 


"^ 


into  the  hole  with  a  pointed  wooden  bar. 
Chambering  of  holes  or  '  'squibbing, "  pre- 
liminary to  inserting  the  final  charge,  and 

the  firing  of  one  or  two  sticks  in  ' 'blocked' '  | f  i) 

holes  have  in  the  past  usually  been  done  by  ' — -f J 

the  machine  men  at  noon  or  during  the  day, 


but  new  regulations  require  this  to  be  done      'Hzi^ I 

wlienthemencomeoffshift,in  order  that  the     fioum  4.— Three  ways  ofimerting 

amount  of  dust  thrown  into   the  mine  air         detonator  in  primer  as  pnotSoed 
1  'I*  J.1  t_***j]  ^  Joplin  district. 

while  mmers  are  at  work  may  be  mimmized. 

After  a  sufficient  charge  has  been  loaded  into  the  hole,  the  primer 
or  cartridge  containing  the  cap  (detonator)  and  fuse  is  inserted. 
Three  different  ways  in  which  the  cap  is  inserted  in  the  primer  are 
shown  in  figure  4.*  The  primer  is  usually  followed  by  one  or  two 
sticks  of  dynamite  which  are  tamped  with  a  wooden  bar.  At  a 
few  of  the  mines  specially  prepared  sticks  of  stenmiing  ^  material 
are  used,  whereas,  at  others  no  stemming  is  used.     The  men  as  a 

•  Tbe  Bnreau  of  Mines  reoommenda  that  the  detonator  be  inserted  in  the  end  of  the  primer  as  in  the 
bottom  diftgram  in  figure  4.  To  lace  fuse  through  a  cartridge  of  high  explosive  is  dangerous  becaoae  tlis 
expkKlTe,  Ignited  by  side  spitting  of  the  fuse,  may  bum  before  exploding,  with  the  result  that  poisoooas 
cues  win  be  produced.    Detonator  should  not  be  Inserted  sof  ar  in  the  cartridge  as  is  Mdicated  in  figure  4. 

bin  the  publications  of  the  Bureau  of  Mines  the  \vord  "stemming"  is  used  to  designate  the  material 
plaood  on  a  charge  of  explosive  in  a  drill  hole,  and  the  word  "  tamping  "  to  designate  the  act  of  placing  and 
laouQiog  the  mat^yiali 
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nile  do  not  caie  to  use  specially  preparod  stemming,  chimiDg  tki 
its  use  produces  no  better  results  and  involves  a  loss  of  time.  This 
opinion  seems  hardly  based  on  -proof,  in  view  of  the  limited  amount 
of  experimenting  done  with  explosives  in  this  district;  for  this  reason 
some  of  the  results  of  tests  made  at  the  Pittsburgh  station  of  the 
Bureau  of  Mines  ^  to  determine  the  advantages  from  the  use  of 
stemming  are  given  below. 

ADVANTAGES  OF  USING  STEMMING. 

In  carrying  out  these  tests,  the  Trauzl  lead  block — ^a  lead  cylinder 
20  cm.  (7}  inches)  high  and  20  cm.  (7}  inches)  in  diameter,  with  &  bore 
hole  2.5  cm.  (1  inch)  in  diameter  and  12.5  cm,  (5  inches)  long— was 
used,  as  it  furnishes  one  of  the  simplest  means  for  measuring  the  rela- 
tive strength  of  high  explosives. 

A  known  amount  of  the  explosive  under  teet  is  placed  in  the  bore  hole  and  thei 
fired.  The  pressure  of  the  gafles  evolved  by  the  explosive  expands  the  hole  into  a 
pearHshaped  cavity.  The  original  volume  of  the  bore  hole  is  determined  by  measur- 
ing the  amount  of  water  required  to  fill  it  exactly;  the  volume,  after  a  teet,  is  deter- 
mined in  the  same  way.  The  difference  between  the  volume  of  the  hole  after  the 
firing  of  the  charge  and  the  volume  before  firing  is  taken  as  a  measure  of  the  force 
exerted  by  the  explosive. 

The  different  kinds  of  stemming  used  in  the  tests  were  dry  sand, 
both  tamped  and  untamped;  dry  fire  clay,  tamped  and  un tamped; 
moist  sand,  tamped;  and  moist  fire  clay,  tamped.  The  table  below 
shows  the  effect  of  using  different  weights  and  kinds  of  stemming. 

Table  7. — Expansion  of  bore  hole  in  lead  blocks  by  20  prams  of  explosive  with  di/ff(^ 

kinds  and  weights  of  stemming. 

FORTY  PER  CENT  STRENGTH  AMMONIA  DYNAMITE. 


Kind  of  stemming. 


Welglit  of  stemming,  grams. 


0.96 


12.5 


25 


50 


100 


900 


3S1 


Untamped  dry  sand expansion  of  bore  hole,  c  o. 

Untamped  dry  fire  clay do. . . 

Tamped  dry  sand do. . . 

Tamped  dry  Are  clay do. . . 

Tamped  moist  sand do. . . 

Tamped  moist  fire  clay do. . . 


230 
280 
230 
230 
230 
230 


304 


285 
265 
280 


359 
347 
855 


293 
841 


406 
885 

379 
883 
375 


430 
387 


407 


434 

381 
397 
379 
419 
462 


FORTY  PER  CENT  "STRAIGHT"  NITROGLYCERIN  DYNAMITE. 


Untamped  dry  sand expansion  of  bore  hole,  c.  c. 

Untamped  dry  fire  clay do. . . 

Tamped  dry  sand do. . . 

Tamped  dry  flre  clay do. . . 

Tamped  moist  sand do . . . 

Tamped  moist  fire  clay do... 


.  367 

462 

504 

560 

587 

636 

.  367 

460 

406 

574 

578 

590 

.  367 

454 

503 

591 

602 

615 

.  867 

385 

504 

601 

602 

629 

.  867 

465 

625 

603 

645 

697 

.  367 

607 

547 

623 

643 

686 

6(2 
6U 

m 


a  Snelltiig,  W.  O.,  and  Hall,  Clarence,  The  effect  of  stemming  on  the  efficiency  of  explasfvcg:  Tvct 
Paper  17,  Bureaa  of  Mines,  1915,  p.  20. 
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According  to  Snelling  and  HalM  the  results  obtained  from  the 
experiments  prove  definitely  that  confinement  by  the  use  of  stem- 
ming greatly  increases  the  efficiency  of  a  charge  of  explosive. 

As  the  expansion  of  the  bore  hole  of  the  lead  blocks  in  the  experi- 
ments is  a  good  measure  of  the  preestu'e  that  is  exerted  on  the  wall 
of  a  drill  hole  by  the  same  explosives  in  actual  mining  operations,  it 
is  reasonable  to  assume  that  the  useful  work  done  by  the  explosives 
would  be  in  the  same  ratio.  The  results  of  the  tests  show  that  with 
quick-acting  explosives,  such  as  "straight"  dynamite,  a  small  quan- 
tity of  stemming  greatly  increases  the  efficiency,  whereas  a  large 
quantity  is  required  with  slow-burning  explosives,  such  as  black 
blasting  powder,  for  effective  results.  In  addition^  the  ui^e  of  stem- 
ming reduces  the  evolution  of  poisonous  gases  to  a  minimum. 

FmiNG  OF  SHOTS. 

In  general,  the  holes  are  drilled  and  ''squibbed"  on  one  day, 
and  the  loading  and  blasting  are  done  on  the  next  day.  The  ma- 
chine men,  as  a  rule,  light  their  own  shots  after  all  other  men  are 
out  of  the  mine.  The  time  of  shooting  is  about  4  p.  m.,  or  between 
12  and  1  o'clock  at  night,  if  there  are  two  underground  shifts. 

The  quantity  of  explosive  used  per  ton  of  ore  broken  varies  from 
1  to  1.5  pounds  in  hard  ground  and  from  0.2  to  0.6  pound  in  soft 
ground,  depending  on  the  nature  of  the  ground.  To  reduce  misfires 
and,  consequently,  to  lessen  the  quantity  of  powder  used  per  ton  of 
rock  broken,  high-grade  detonators  are  recommended.  With  stronger 
detonators  and  lower-grade  dynamite  it  is  possible  to  obtain,  in 
most  instances,  as  good  results  as  with  weaker  detonators  and 
higher-grade  dynamite.  As  the  lower-grade  powders  are  cheaper, 
their  use  with  the  more  efficient  detonators  should  reduce  the  cost 
per  ton  of  rock  broken.  The  lower-grade  dynamite  also  has  a  less 
shattering  effect,  thus  reducing  the  amount  of  fines  produced  before 
the  ore  reaches  the  mill  and  making  possible  a  saving  of  mineral  that 
might  otherwise  be  lost  as  slimes. 

The  actual  quantities  of  dynamite  used  per  ton  of  ore  broken  in 
three  different  mines  are  shown  in  Table  9. 


•  SneHlng,  W.  O..  and  Hall,  Clarenoe,  The  effect  of  stemming  on  the  eflloiency  of  explosives:  Tech. 
Paper  17,  Btueau  of  Mines,  1016,  p.  1&. 
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Table  8. — Actual  quantities  of  dynamite  used  per  ton  of  ore  broken  in  three  mtnes. 


Quantity  of  dynamite  used 
per  Urn  of  ore. 

Year 

1914 

1916 

1916 

^m} 

Pound*. 
1.417 

Ptmndt. 

1.395 

.784 

1.326 

Poundt, 

1.326 

.874 

1.261 

Sheet-groond,  hard,  touch,  face  12  to  15  feet  high. 
Sheet-lround,  hard;  1914  Included  heading,  1915  and 

1916  stope  only  (taking  up  floor  of  mine). 
Hard  ground,  Miami  district,  near  Commerce,  U^ 

face. 

101102 

Mlne3 

1.6R5 
1.056 

,   SHOVELINa  AND  TTKDBRaROTTKD  TRAHKINa. 

After  the  ground  has  been  broken  the  ore  is  shoveled  into  cars  or 
cylindiioal  tubs  which  are  trammed  by  the  shovelers  or  are  hauled 
on  a  small  truck  by  mules  from  a  lay-by  (siding)  to  the  shaft.  The 
tubs,  locally  known  as  "cans/'  usually  measiu^  30  by  30  inches  in 
diameter  and  hold  about  1,000  pounds  of  broken  ore.  A  piece  of 
sheet  iron  or  a  small  floor  of  wooden  planks  is  laid  so  as  to  provide 
a  flat  and  smooth  surface  from  which  to  shovel.  The  bowlders 
and  lai^er  pieces  of  rock  are  lifted  into  the  tub,  those  too  large 
for  one  man  to  handle  being  broken  with  sledges  or  blasted.  The 
blasting  of  bowlders  is  known  as  * 'bowlder  popping."  The  shovelers 
are  good  workmen,  as  a  rule,  averaging  about  20  tons  per  man  per 
shift.  They  are  usually  paid  by  the  car  or  tub.  This  system  incites 
the  men  to  work  hard  and  tends  to  increase  the  tonnage,  but  has 
the  serious  disadvantage  that  the  men  are  apt  not  to  flU  the  tubs 
full  in  order  to  get  a  greater  number  to  their  credit;  this  drawback 
can  be  overcome  only  by  careful  supervision.  As  a  result  of  this 
tendency  of  the  men  and  of  the  fact  that  the  cars  or  tubs  are  rarely 
weighed,  the  reported  tonnage  of  ore  hoisted  is  apt  to  be  somewhat 
higher  than  the  actual  quakutity.  If  the  ore  hoisted  were  weighed,  the 
men  could  be  paid  by  the  ton,  or  could  receive  a  daily  wage  com- 
bined with  a  bonus  for  extra  tonnage  above  a  required  amount. 

Besides  the  usual  undergroimd  haulage  system  already  men- 
tioned, both  gasoline  and  eloctrio  motors  are  used  in  some  of  the 
larger  mines  with  satisfactory  results,  (See  PI.  IX,  A.)  At  one  or 
two  mines  a  system  of  rope  haulage,  driven  by  electric  motors,  is 
used  to  good  advantage.  (See  PI,  IX,  B.)  Traction  motors,  where 
used,  necessitate  a  wider  track  gage  and  heavier  rails. 

TIMBSRINa. 

The  main  object  of  timbering  in  mines  is  not  to  support  the  total 
weight  of  the  overlying  strata  but  to  keep  the  roof  in  place  and 
prevent  falls  of  rock  and  ore.     (See  PI.  X,  A.)    Cracking  or  gradual 


A.    GASOLINE  MOTOR  USED  FOR  UNOCRGROUND  HAULAGE 


B.    ROPE  HAULAGE  USED  UHDERGROUMD. 


A.    CAVE-IN  RESULTING  FROM  PILLARS  GIVING  WAY. 


B.    REINFORCED-COHCRETE  PILLAR  IN  COURSE  OF  CONSTRUCTION. 
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breaking  of  timbers  warns  the  workmen  to  place  additional  timber^ 
ing  or  to  escape  before  a  fall  occurs.  In  the  best  practice  the  timbers 
are  so  placed  that  the  pressure  is  evenly  distributed  and  in  line  with 
the  thrust  that  they  are  to  resist.  The  joints  are  so  made  that  the 
pressure,  up  to  the  crushing  strength  of  the  timber,  tends  to  hold 
the  structure  together  rather  than  to  weaken  it. 

In  the  mines  of  the  Joplin  district,  timbering  is  rarely  used  in 
either  the  sheet-groimd  or  the  hard-ground  deposits,  for  the  roof  is 
generally  firm  and  pillars  are  left  at  intervals  of  25  to  60  feet,  center 
to  center,  according  to  the  nature  of  the  ground  and  the  height  of 
the  roof  above  the  floor.  Posts  are  used  to  support  dangerous  slabs 
of  rock,  and  in  some  of  the  mines  cribs  filled  with  waste  rock  are  used 
as  roof  supports. 

In  the  sof  t-groimd  deposits,  however,  timbering  is  largely  employed. 
These  deposits,  as  already  mentioned,  are  mined  by  lateral  drifts  in 
the  ore  body,  the  roof  and  walls  being  supported  by  timbering  or 
by  a  combination  of  pillars  and  timbering.  Both  fore-poling  and 
square-set  systems  are  used.  Where  the  drifts  are  narrow  and  the 
height  of  the  face  is  relatively  low,  fore-pohng  is  used  to  good  advan- 
tage, the  square-set  system  being  more  applicable  to  fairly  wide 
drifts  and  relatively  high  faces  of  ore.  The  drifts  are  seldom  tim- 
bered more  than  two  square  sets  high.  In  a  few  mines  reinforced 
concrete  pillars  (PI.  X,  B)  have  been  used  as  supports,  especially 
at  the  shaft,  with  more  or  less  satisfactory  results.  The  concrete 
mixture  is  poured  through  a  drill  hole  from  the  surface  into  a  form 
placed  in  the  undergroimd  workings  just  below  the  drill  hole. 

Plate  XI  shows  the  general  methods  of  timbering  used  in  the 
district. 

PXTHPINa. 

The  quantity  of  water  pumped  from  the  mines  in  the  Jophn  district 
varies  from  about  200  to  2,000  gallons  a  minute.  The  working  levels 
of  the  sheet-ground  mines  are  as  a  rule  fairly  dry,  whereas  in  many 
of  the  soft-ground  mines  much  water  is  encountered.  The  water 
usuaUy  enters  the  mine  through  watercourses  or  by  intermittent 
seepage,  and  unless  the  workings  have  a  natural  drainage  outlet, 
it  has  to  be  pumped  out.  Seepage  in  the  mines  is  rather  general 
throughout  the  district,  as  the  ore  deposits  are  flat  and  relatively 
shallow.  At  a  few  of  the  mines  underground  watercourses  have  neces- 
sitated heavy  pumping,  especially  in  the  Miami  field,  and  in  several 
instances  have  caused  much  difficulty  in  the  sinking  of  shafts.  The 
usual  practice  is  to  drain  the  imderground  water  to  a  sump  at  the 
foot  of  a  shaft,  either  by  means  of  ditches  along  the  drifts  or  by 
some  natural  drainage  course,  and  then  pump  it  to  the  surface. 
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Mine  pumps  commonly  used  in  this  district  include  the  usual  pis- 
ton types  driven  by  steam  and  electricaDy  driven  centrifugal  pumps, 
their  size  being  governed  by  the  flow  of  water  to  be  handled.  In  a  few 
places  in  the  district,  pumping  is  on  a  cooperative  basis,  the  water 
from  several  mines  being  handled  by  one  pumping  station  and  each 
mine  pa3^ing  an  apportioned  sum  to  the  company  doing  the  pumping. 

Because  of  the  mines  being  shallow,  and  the  topography  having 
slight  relief,  a  heavy  rainfall  greatly  increases  the  amount  of  water 
that  enters  the  workings;  and  if  the  pumping  equipment  at  such 
times  is  insufficient  the  mine  is  shut  down  temporarily,  causing  loss 
of  both  time  and  money. 

HOISTIBTG  AND  STTBFACE  TBAMMIITG. 

Direct  winding  without  any  attempt  to  balance  the  load  is  the 
usual  practice,  the  tub  or  skip  being  hoisted  by  power  and  low- 
ered by  gravity.  The  hoisting  engine  is  coupled  or  geared  direct 
to  the  shaft  of  the  drum,  which  is  provided  with  friction  devices 
or  positive  clutches  or  brakes.  Steam  is  the  usual  power,  though 
electric  hoists  are  in  use  at  many  mines.  Cars,  if  used,  are  placed 
in  cages  and  hoisted  in  the  usual  way.  When  a  tub  has  been  hoisted 
to  the  top  of  the  headframe  the  hoistman  covers  the  opening  with 
a  lid  to  prevent  any  material  from  falling  down  the  shait,  and  then 
dumps  the  load  on  a  chute  leading  direotly  to  the  grizzly  over  the 
hopper.  Cages  and  self-dumping  skips  of  1  to  3  tons  capacity,  pro- 
vided with  shaft  guides  and  safety  catches,  are  used  at  a  few  mines. 

Connected  with  each  shaft  is  a  storage  bin  or  hopper,  and  with 
few  exceptions  the  mill  hopper  is  connected  directly  with  the  main 
shaft.  The  ore  hoppers  have  a  capacity  of  100  to  500  tons  each, 
although  at  some  mines  the  capacity  of  the  mill  hopper  is  more 
than  500  tons  in  order  to  hold  ore  enough  to  supply  the  mill  during 
an  extra  shift.  If  hoisting  is  done  from  more  than  one  shaft,  the 
ore  is  trammed  to  the  mill  hopper  over  incUned  or  horizontal  tram- 
ways, or,  where  the  distance  is  too  great,  by  aerial  tramways  or 
surface  motor  haulage.  The  capacity  of  the  surface  tram  cars  is 
1  to  3  tons. 

POWEB. 

Electricity,  natural  gas,  coal,  and  oil  are  all  used  in  the  district 
as  sources  of  power.  Natural  gas  seems  to  be  most  favored,  owing 
to  its  cheapness;  coal  and  oil  the  least.  However,  during  the  winter 
months  when  the  gas  pressure  becomes  low,  coal  is  used  to  a  laige 
extent.  At  many  of  the  properties  the  mill  is  driven  by  electric 
motors  or  gas  engines  and  the  hoisting  and  compressor  engines  are 
driven  by  steam,  whereas  at  others  electric  power  is  used  throughout 


A.    FOREPOLING  IN  SOFT  GROUND. 


B.    METHOD  OF  TIMBERING  IN  SOFT-GROUND  MIN1N& 


!  ORE-DRESSING  PRACTICE. 

leneral,  the  average  lead  and  zinc  content  of  the  ores  mined  and 
1  is  low  as  compared  with  that  of  other  lead  and  zinc  fields 
rhout  the  United  States.  Owing  to  this  fact  and  to  the  high 
I  of  concentrate  produced,  the  ratio  of  concentration  is  unusu- 

|e  of  COnrCEnfTBATE  ABTD  PEBCEITTAGE  OF  BECOVEBT. 

I  BBSTTLTS  OF  MILL  TESTS. 

i  object  of  most  of  the  operating  companies  has  been  to  produce 
fh,  a  grade  of  concentrate  as  possible  in  order  to  receive  the 
|t  base  price  for  their  product,  a  practice  that  has  resulted  in 
the  percentage  of  zinc  recovered.  The  average  percentage 
recovery  is  60  to  70  per  cent;  or,  in  other  words,  for  every  2 
f  zinc  concentrate  produced  1  ton  is  lost.  The  percentages 
veries  from  actual  mill  tests  are  shown  in  Tables  9  to  11,  on 
44  to  52. 

centration  of  the  ore  is  conunonly  effected  by  crushing  to 
size  and  roughing  and  cleaning  the  crushed  material  over  two 
large  Cooley  jigs  of  the  Harz  type,  and  running  the  finer 
over  the  usual  types  of  sand  and  slime  tables.  The  treatment 
es  by  flotation  is  being  tried  at  several  of  the  laiger  mills, 
arious  steps  in  the  concentration  of  the  ores  in  this  district 
yrn  more  fully  by  the  typical  flow  sheets  in  figures  5  to  8  and 
!  XII.  The  significance  of  the  numbers  on  each  figure  are 
i  by  the  tabulation  opposite  the  figure. 

So 
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Data  on  parts  shown  in  figure  5. 

1.  Hopper,  400-toii  capacity. 

2.  Cruahers  (two),  18  by  12  inches. 
S.  Rolls  (two),  36  by  14  inches. 

4.  Elevators  (two). 

5.  Trommel  screens  (two),  8  by  4  feet,  j-inch  openings. 

6.  Rolls  (two),  30  inches  in  diameter. 

7.  Rougher  jigs  (two),  cells  36  by  48  inches. 

8.  Dewatering  screens  (two). 
9, 10.  Elevators. 

11.  Trommel  screen,  8  by  4  feet,  ^-inch  openings. 

12.  Rolls,  36  inches  in  diameter. 

IS.  Cleaner  jig,  cells  30  by  42  inches. 
13a,  Dewatering  box. 
U.  Elevator. 

15.  Rougher  chat  jig,  cells  30  by  42  inches,  with  dewatering  box. 

16.  Cleaner  chat  jig,  cells  26  by  36  inches,  with  dewatering  box. 

18.  Elevators  (two). 

19.  Rolls  (two  sets),  24  inches  in  diameter. 

iO.  Trommel  screens  (two),  36  by  72  inches,  size  of  openings  3  mm. 

21.  Settling  tanks. 

22.  Elevator. 

2S-S6.  Hydraulic  classifiers. 
Srsi,  Tables. 
52.  Tank. 
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FiGXTBK  0.— Flow  fiheet  of  mfll  in  west  Joplin  district,  Missouri.  Ly  lead  oanoentiate;  i?,  sino  ooooss- 
trate;  Jf,  middling;  O,  overflow;  T,  taiUng;  J2,  return.  For  slgniflcanoe  of  numbers  see  table  on 
opposite  page. 
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DcUa  on  parts  shown  in  figure  6. 

1.  Hopper,  capacity  400  tons. 

2.  Shaking  screen,  20  inches  by  4  feet  6  inches,  with  }-inch  openings. 
S.  Crusher,  18  by  12  inches,  speed  390  r.  p.  m. 

4.  Boils,  42  by  16  inches,  speed  27  r.  p.  m. 

5.  Elevators  (two),  20  inches,  buckets  spaced  10  inches,  speed  275  feet  per  minute. 

6.  Trommels  (two),  4  by  12  feet,  i-inch  openings,  speed  25  r.  p.  m. 

7.  Return  rolls  (two),  36  by  14  inches,  speed  30  r.  p.  m. 

8.  Rougher  jigs  (two),  Gooley  type,  6  cells,  36  by  48  inches,  speed  110  strokes  per 
minute. 

9.  "Smittem"  elevator,  16-inch,  320  feet  per  minute. 

10.  Dewatering  trommels  (two),  5  by  5  feet,  2-mm.  screen  openings,  speed  1}  r.  p.  m. 

11.  Cleaner  jig,  Cooley  type,  7  cells  32  by  42  inches,  speed  180  strokes  per  minute. 

12.  Chat  elevator,  16-inch,  speed  300  feet  per  minute. 

IS.  Trommel,  4  by  8  feet,  screen  opening  ^inch,  speed  26  r.  p.  m. 
H.  Chat  rolls,  30  by  14  inches,  speed  56  r.  p.  m.  (spaced  rolls). 

15.  Chat  jig,  Gooley  type,  5  cells  32  by  42  inches,  speed  180  strokes  per  minute. 

16.  y  tsaiky  used  to  eliminate  large  proportion  from  feed  to  settling  tanks. 

17.  Settling  tanks  (two),  double  tanks,  30  by  40  feet  (plan  view),  8  feet  deep  at 
diBcharge,  2  feet  deep  at  back  end  near  partition. 

18.  Dorr  thickener,  40  by  8  feet,  speed  10  revolutions  per  hour. 

19.  Slime  elevator,  14-inch,  350  feet  per  minute. 

50.  V  tank,  discharge  to  slime  tables,  overflow  to  pond. 

51.  Coarse-sand  elevator,  receiving  sand  from  first  half  of  settling  tank,  14-inch, 
speed  350  feet  per  minute. 

22.  Fine-sand  elevator,  receiving  sand  from  second  half  of  settling  bank,  14-inch, 
speed  350  feet  per  minute. 
2S.  Bird  clasedfier,  discharge  products  to  trommels,  overflow  to  Dorr  thickener. 

24.  Trommel.  3  by  4  feet,  speed  14  r.  p.  m.,  }-mm.  screen  opening,  undersize  to 
ciasBifier  above  table  3S  (seventh  table). 

25.  Trommel,  4  by  8  feet,  speed  14  r.  p.  m.,  IJ-mm.  screen  opening,  receiving  over- 
size from  trommel  24  and  coarse  discharge  from  classifier  iS .    Undersize  to  tables . 

26.  Trommel,  same  as  No.  ^5,  receives  oversize  from  trommel  B5.  Oversize  goes 
to  waste  as  tailing,  undersize  to  table  feed. 

27-32.  Concentrating  tables,  feed  consisting  of  undersize  from  trommels  25  and  26 
and  oversize  from  trommel  24. 

SSS6.  Concentrating  tables,  feed  consisting  of  undersize  from  tronunel  24  and 
overflow  from  classifier  to  table  SS.  Overflow  from  classifier  to  table  36  goes  to  Dorr 
Aickener. 

S7~40,  Concentrating  tables,  receiving  spigot  discharge  from  V  tank  20. 
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FiQUBE  7.    Flow  sheet  of  mill  in  Granby  district,  Missouri.  L,  lead  oonoesitrBtes;  Z,  sine  oonoentitttf; 
M,  middling;  T,  tailing;  R,  return.    For  significance  of  numbers  see  table  on  opposite  page. 
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Data  on  parU  ihown  in  figure  7. 

/.  Mill  storage  bin,  400-ton  capacity,  all  ore  through  6-inch  grizzly. 

t.  Shaker  screen,  H-inch  plate  vnih  l^-inch  openings,  stroke  \yi  inches,  speed 

125  strokes  per  minute. 
S.  Crusher,  Blake  tyx)e,  size  24  by  12  inches,  speed  350  r.  p.  m.,  set  for  13^-inch 

opening. 
\.  C(ffmsh  rolls,  size  42  by  16  inches,  geared,  speed  30  r.  p.  m. 
5.  Feed  elevators  (two),  20-inch  belt,  buckets  spaced  20  inches  apart,  belt  speed 

300  feet  per  minute. 
5.  Trommels  (two),  size  48  by  96  inches,  slope  1  inch  per  foot,  speed  28  r.  p.  m. 

Screen  is  ){-inch  plate  with  ^-inch  round,  punched  holes. 

7.  Gomish  rolls  (two),  size  36  by  14  inches,  geared,  speed  36  r.  p.  m. 

8.  Cooley  jigs  (two),  Harz  typ(s,  six  cells  each  36  by  48  inches  in  size.  Screens  (grates) 

are  punched  plate  with  slotted  holes.     Sizes  of  screen  openings:     Cells  1  to 

3,  ^-inch,  cells  4  and  5,  )^-inch,  cell  6,  i^-inch.  Lengths  of  plunger  stroke 
for  cells  1  to  6  are  1}^,  1)^,  1^,  IJ^,  IJ^,  lA  inches,  respectively.  Speed  110 
strokes  per  minute. 

9.  De watering  box. 

10.  Elevator  ("smittem"),  16-inch  belt,  speed  400  feet  per  minute. 

lU  Elevator  (tailings),  20-inch  belt,  belt  speed  420  feet  per  minute. 

U.  Elevator  (chats),  16-inch  belt,  belt  speed  400  feet  per  minute. 

li.  Trommel,  size  48  by  72  inches,  -^-inch  round  holes  in  screen,  speed  28  r.  p.  m. 

U.  Rolls  (chats),  Cornish  type,  geared,  size  30  by  14  Inches. 

U.  Cooley  jig,  Harz  tyx>e,  with  six  cells  each  36  by  42  inches  in  size.  Screens  (grates) 
are  punched  plate  with  slotted  holes.  Sizes  of  screen  openings:  Cell  1,  -f^ 
inch,  cells  2  to  5,  H  inch,  cell  6,  ^  inch.  Lengths  of  plunger  stroke  for  cells 
1  to  6  are  -Hf  ii»  ^$»  9i)  ^f  !^  inch,  respectively.  Speed  165  strokes  per 
minute. 

U.  Dewatering  box. 

n.  Cooley  jig,  Harz  type,  with  five  cells  each  36  by  42  inches  in  size.  Screens  (grates) 
are  punched  plate  with  slotted  holes.     Sizes  of  screen  openings:     Cells  1  to 

4,  A-inch,  cell  5,  ^-inch.  Lengths  of  plunger  stroke  for  cells  1  to  5  are  H, 
ill  %i  Hi  ^^^  H  ii^ch,  respectively.     Speed  180  strokes  i>er  minute. 

18.  Devratering  box. 

19.  Elevator  (for  "rougher"  tables),  16-inch  belt,  speed  440  feet  i>er  minute. 

20.  Rougher  tables  (two). 

il.  Elevator  (sand),  20-inch  belt,  belt  speed  440  feet  i>er  minute. 

i2.  Tronunels  (two),  size  48  by  96  inches,  1^-inch  round  holes  in  screen.    Speed 

24  r.  p.  m. 
iS.  Rolls,  size  36  by  14  inches,  belted,  8X)eed  95  r.  p.  m.,  steel  shells. 
t4.  Aldus  classifier,  54  inches  in  diameter,  speed  5  r.  p.  m.,  slope  2)^  inches  per  foot. 
is.  V  tanks  (three),  height  12  feet,  length  30  feet,  width  12  feet. 
i^,  t7j  28,  Sand  tables,  speeds  238  strokes  per  ];ninute. 
i^^SO.  Sand  tables,  speeds  267  strokes  per  minute. 
SU  Dorr  thickener,  40  feet  in  diameter,  speed  8.6  revolutions  per  hour. 
S2.  Flotation  plant. 

34503'— 18— Bull.  154 4 
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Data  an  parU  shoion  in  figure  8, 
1.  Hopper. 

i.  Cniahen  (two),  size  18  by  12  inches,  speed  354  r.  p.  m. 
S.  Rolls  (two  9et8),  Comiah  type,  size  42  by  16  inches,  speed  24.8  r.  p.  m. 

4.  Elevators  (two),  size  24  inches,  speed  372  feet  per  minute. 

5.  Trommels  (two),  size  48  by  96  inches,  J/g-inch  openings,  speed  21.2  r.  p.  m. 
5.  Bolls  (two  sets),  Cornish  type,  size  36  by  14  inches,  speed  23.6  r.  p.  m. 

7.  Dewatering  screens  (two),  48  by  48  inches,  l>^-inch  openings,  speed  4  r.  p.  m. 
S.  Elevators  (two),  size  18  inches,  speed  310  feet  per  minute. 
9.  Hopper,  300-ton  capacity. 

10.  Cooley  rougher  jigs  (two),  Harz  tyx)e,  with  six  cells,  each  42  by  48  inches  in  size, 

speed  91  strokes  per  minute. 

11.  Dewatering  boxes  (two). 

li.  Elevator,  16-inch,  speed  376  feet  i>er  minute. 

IS.  Trommel,  size  36  by  72  inches,  ^-inch  openings,  speed  24  r.  p.  m. 

U.  Rolls,  size  36  by  14  inches,  speed  35  r.  p.  m. 

15.  Cooley  chat  jig,  Harz  type,  five  cells,  each  36  by  42  inches  in  size,  speed  114 

strokes  ])er  minute. 
iS.  Elevator,  16-inch,  speed  384  feet  per  minute. 
n.  Elevator,  24-inch,  sx)eed  392  feet  per  minute. 

18.  Trommel,  size  36  by  72  inches,  2-mm.  openings,  speed  24.6  r.  p.  m. 

19.  Dewatering  screen,  size  48  by  48  inches,  l>^-inch  openings,  speed  4  r.  p.  m. 
to.  Elevator,  18-inch,  speed  373  feet  ])er  minute. 

tl.  Rolls,  size  36  by  14  inches,  speed  93  r.  p.  m. 

tt.  Cooley  cleaner  jig,  Harz  type,  7  cells,  size  of  each  cell  36  by  42  inches,  speed 

181  strokes  per  minute. 
tS.  Cooley  sand  jig,  Harz  type,  7  cells,  each  30  by  36  inches  in  size,  speed  187  strokes 

per  minute. 
tf.  Dewatering  box. 
U.  Concentrate  bins. 

tB.  Settling  tanks  (two),  size  30  by  22  feet. 

^,  t8.  Dorr  thickeners  (two),  36  feet  in  diameter,  speed  10  r.  p.  m. 
iB,  so.  Elevators. 

SI.  Henry  screen,  l}^-inch  openings. 
S2  to  35,  Slime  tables  (four). 
S6.  Flotation  plant. 
37.  Elevator. 

S8.  Aldns  classifier,  54  inches  in  diameter,  speed  6  r.  p.  m.,  slope  2}^  inches  per  foot. 
59, 40,  Slime  tebles  (two). 
41  to  50.  Sand  tables. 
51y  52,  53,  Elevators. 
54t  55.  Roughing  tables. 
56  to  59.  Middling  tables. 
60, 61.  Lead  tables. 
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MINING  AND  MILLING  OF  LEAD  AND  ZINC  ORES. 
Table  9. — ResulU  of  concentration  te»U  with  mills  treating  Bheetrground  on, 

MILL  IN  WEBB  CITY  DISTRICT. 


• 

Screen  analysts  of  mill  tailings. 

Zino  (Zn)  content. 

Siseof 
mesh. 

Sise  of  openings. 

Weight 
of  screen 
products. 

Camula- 

tive 
weight. 

By 
assay. 

Feroent^ 

age  of 

total 

sine. 

Ciimtila- 
tive  per- 
centage 
of  total 
sine. 

Mm. 

Tnohes. 

3 

6 

10 

20 

35 

65 

100 

150 

200 

<200 

6.680 
3.327 
1.651 
.883 
.417 
.206 
.147 
.104 
.074 
.074 

0.263 
.131 
.065 
.0328 
.0164 
.0082 
.0058 
.0041 
.0039 
.0029 

Percent. 

29.47 

28.38 

15.48 

16.10 

5.50 

1.37 

.63 

.40 

.32 

2.35 

Percent. 

PercenL 
0.53 
.68 

.80 

.45 

.42 

.96 

1.10 

1.25 

1.58 

7.90 

20.0 

24.7 

15.8 

9.3 

2.9 

1.7 

.9 

.6 

.6 

23.5 

57.85 
73.33 
89.43 
94.93 
96.30 
96.93 
97.33 
97.65 
100.00 

44.7 
60.5 
69.8 
72.7 
74.4 
75.3 
75.9 
76.5 
100.0 

Total  or  averaffe 

100.00 

.78 
.67 

100.0 

Che( 

:k  sample . . . 

Tans. 


Ore  treated 1,960 

Lead  and  zinc  concentrates  produced 57. 43 


Total  tailings 1,902.57 

Solids  in  overflow  from  settling  tanks 40. 22 


Tailings,  not  including  overflow 1, 862. 35 

Zinc  concentrates 42. 95 

Zinc  (Zn)  in—  Per  cent. 

Zinc  concentrates 56. 0  23. 623 

Lead  concentrates 1.  2  .174 

Tailings  without  overflow 70  12. 478 

Overflow 7.04  2.831 


Total  zinc  in  ore  treated 39. 106 

Percentage  of  zinc  recovery 60. 4 


OBE-DBESSING  PBACTICE. 
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Tabus  9. — RenUu  of  concentr<Uion  tests  with  mUls  trsating  sheet-ground  ore — Gontd. 

MILL  IN  CARTERVILLB  DISTRICT. 


Screm  axialysi9  of  mill  taillzigs  not  including  overflow. 

• 

ZinoCZn). 

Siseof 
mesh. 

Sise  of  openings. 

Weight 
of  screen 
products. 

Cumula- 

Uve 
weight. 

By 
assay. 

Percent- 

age  of 

total 

line. 

Comnlo- 
tive  per- 
centage 
of  total 
sine. 

Mm. 

Inches. 

8 

6 

10 

» 

86 

65 

100 

150 

200 

<200 

6.680 
3.327 
L651 
.838 
.417 
.206 
.147 
.104 
.074 
.074 

0.268 
.131 
.065 
.0328 
.0164 
.0082 
.0068 
.0041 
.0029 
.0029 

Percent, 

33.58 

30.76 

16.84 

8.78 

4.60 

2.57 

.98 

.80 

.21 

.89 

Percent. 

Percent, 

0.31 

.44 

.44 

.31 

.31 

.56 

.57 

L04 

L56 

4.68 

24.3 

31.6 

17.3 

6.36 

3.3 

3.3 

1.3 

1.95 

.8 

9.8 

64.38 
81.17 
89.95 
94.55 
97.12 
96.10 
96.90 
99.11 
100.00 

55.9 
78.2 
79.55 
82.85 
86.15 
87.45 
89.40 
9a2 
100.00 

Total  or  avcmse. 

100.00 

.43 
.49 

100.00 

Chec 

dc  sample... 

Tons. 

Ore  treated 3,456 

Concentrates  produced  (lead  and  zinc) 65. 53 


Total  tailings  from  mill 3, 390. 47 

Solidfl  in  overflow  from  settling  tanks 62. 66 


Tailings,  not  including  overflow -. 3, 337. 81 


Zmc  concentratee. 


Lead  concentrates. 


ZSnc  (Zn)  in —  Per  cent. 

Zinc  concentrates 61. 88 

Lead  concentrates 15. 00 

Mill  tailings  without  overflow 49 

Solids  from  overflow 6. 38 


62.765 
2.765 


38.839 

.415 

16.355 

3.360 


Total  zinc  in  ore  treated 58. 969 

Percentage  of  zinc  recovery 65.86 
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Table  9. — Results  of  coneentratUm  test$  with  mUU  treaUng  »heet-ground  or^— Contd. 

ICILL  IN  PROSPERITY  DISTRICT. 


Screen  aoalysis  of  mill  tailings  not  Indndlng  overflow. 

• 

Zinc  (Zn). 

Sixe  of 
meih. 

Weight 
of  screen 
prodacts. 

Comnl*- 

Uve 
weight 

By 
■assy. 

Pttcent- 

age  of 

total 

sine. 

tive  per- 
centage 
of  total 
line. 

Mm. 

Inches. 

0.263 
.131 
.065 
.0328 
.0164 
.0082 
.0068 
.0041 
.0020 
.0U8O 

8 

6 

10 

30 

35 

65 

100 

150 

300 

<300 

6.680 
3.337 
1.651 
.833 
.417 
.306 
.147 
.104 
.074 
.074 

Pereem. 

0.90 

38.83 

33.76 

11.48 

6.34 

4.13 

1.04 

1.45 

.10 

3.15 

PereeiU, 

"*48.'73" 
73.48 
83.01 
90.15 
04.37 
96.31 
07.66 
97.86 

100.00 

Pit  emu 

0.53 

.37 

.29 

.19 

.36 

.36 

.43 

.96 

1.16 

4.07 

12.3 

33.8 

16.2 

5.1 

3.7 

3.55 

1.9 

3.3 

.5 

30.65 

46.1 
62.3 
67.4 
71.1 
73.65 
75.56 
78.86 
79.35 
100.00 

Total  or  Averaoe. 

100.00 

.43 
.45 

100.00 

Che< 

Jk  Hftmpl^ . . 

Tcxis. 


Ore  treated 470 

OoncentrateB  produced  (zinc  concentrates) 8. 545 


Tailings 461.455 

Solids  in  overflow  from  settlings 12. 457 


Tailings,  not  including  overflow 448. 

Zinc  (Zn)  in —  Per  cent. 

Concentrates 60. 18     5. 142 

Tailings  without  overflow 45     2. 020 

Overflow 5.25       .654 


Total  zinc  in  ore  treated 7. 816 

Percentage  of  zinc  recovery 65. 79 


OBE-DBESSING  PRACTICE. 
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Table  9. — Re9uU8  of  eoneentratum  test$  with  mUU  treating  $heet^ground  ore — Gontd. 

MILL  IN  PORTO  RICO  DISTRICT. 


4 

Zlno  (Zn)  content. 

• 

Sise  ofo 

Percent- 
age of 
total 
line. 

Camnla- 

'  Siieof 
mesh. 

Weight 
ofaoreen 
prodooti. 

ComuUh 

tive 
weight. 

By 
asMiy. 

Uve  per- 
centage 
of  total 
lino. 

Mm. 

InchM. 

• 

PereeKL 

PereetiL 

PereenL 

3 

13.33 
6.680 

0.635 
.368 

6.80 
83.06 

0.30 
.33 

5.6 
10.3 

38.07 

34.0 

6 

8.337 

.131 

36.76 

65.73 

.» 

14.6 

80.5 

10 

L661 

.065 

18.40 

84.13 

.10 

0.5 

40.0 

30 

.888 

.0338 

0.07 

03.10 

.30 

7.4 

56.4 

36 

.417 

.0164 

3.70 

05.80 

.56 

4.1 

60.5 

66 

.308 

.0083 

L80 

07.60 

1.37 

6.3 

66.8 

100 

.147 

.0058 

.44 

08.13 

3.98 

3.5 

70.3 

160 

.104 

.0041 

.30 

08.53 

3.35 

3.6 

73.0 

TOO 

.074 

.0020 

.31 

06.73 

5.70 

3.3 

77.3 

<aoo 

.074 

.0030 

1.37 

100.00 

6.55 

32.8 

100.0 

Total 

orav«ra«... 

100.00 

.37 
.41 

100.0 

Check 

sftmple 

********* 

Torn. 

Ore  treated 1,994 

Concentratefl  produced 36. 5 


Tailings 1,968.50 

Solids  in  overflow  from  settling  tanks 34. 73 


TaUingB,  not  including  overflow 1, 923. 77 

Zinc  (Zn)  in —  Percent. 

Ooncentratee 59. 4       21 .  087 

Tailings  without  overflow 41       7. 887 

Overflow 5. 01       1. 740 


Total  rinc  in  ore  treated 

Percentage  of  zinc  recovery 68. 6 


30.714 
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Tablx  9. — RetuUt  of  eoTieentration  te$t$  with  mUU  treating  theei  ground  ore — Gontd. 

MILL  IN  DUENWKO  DISTRICT. 


Sonen  laalyris  of  mill  taUlngs  not  indndliik  ovwflow. 

ZiBo  (Zn)  oontflDt. 

SiMof 
mfldL 

Sise  of  opflDlngs. 

Wflicbt 

of  aOTMO 

products. 

dmmlft- 

tiw 
wvlglit. 

By 
assay. 

Fttcont" 

ago  of 

total 

lillC. 

tiT«p«-< 

centacB 

of  total 

iIdo. 

Mm. 

IndiM. 

8 

6 

10 

30 

35 

66 

100 

150 

200 

<300 

13.33 

6.680 

8.337 

1.661 

.833 

.417 

.306 

.147 

.104 

.074 

.074 

0.535 
.363 
.131 
.065 
.0338 
.0164 
.0063 
.0058 
.0041 
.0030 
.0029 

PveenL 

18.50 

85.08 

19.48 

13.60 

7.39 

3.17 

.65 

.54 

.50 

.30 

1.05 

PertenL 

0.60 

.46 

.43 

.36 

.38 

.36 

.74 

.05 

.84 

1.41 

6.30 

21.06 
81.35 
15.5 
8.6 
5.3 
2.15 
.9 
.95 
.8 
.8 
12.6 

64.43 

73.91 
86.80 
03.79 
96.96 
97.61 
96.15 
98.65 
98.95 
100.00 

62.40 
67.90 
76.5 
81.8 
83.05 
84.85 
85.80 
86.60 
87.4 
100.00 

Total  <v  ftWAffs. 

loaoo 

.53 
.60 

100.00 

Chec 

ikmnpli^r. . 

1 

Tons. 

Ore  treated 938 

Concentratee  produced  (lead  and  zinc) 20. 53 


Tailings 917.47 

Solids  in  overflow  from  settling  tanks 42.52 


Tailings  not  including  overflow 874. 95 

Zinc  concentrates 17.08 

Lead  concentrates 3. 60 

Zinc  (Zn)  in~  Feroent. 

Zinc  concentrates 61. 47  10. 468 

Tailings  without  overflow 60  5.250 

Overflow 4.21  1.790 

Lead  concentrates 1.00  0.035 


Total  rinc  in  ore  treated 17. 543 

Percentage  of  zinc  recovery 59. 67 


OBE-DBBSSmO  PBACTICE. 
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Table  10. — Results  of  eoneeniratUm  tut  with  milU  treating  hard-ground  ore  other  than 

tkutrground. 

KILL  IN  CARL  JUNCTION  DISTRICT. 


Scncm  aDalysiJi  of  mill  tailings  not  Inohiding  overflow. 

Zino  (Zn)  oontent. 

1 
Ifaih. 

Site  of  openings. 

Weight 
ofacreen 
products. 

Comola- 

tive 
weight. 

• 

By 
asMiy. 

Percent- 
age of 
total 
sine. 

Comnla- 
tive  per- 
centage 
of  total 
sine. 

Mm. 

InehM. 

18.33 

0.680 

8.827 

L661 

.833 

.417 

.208 

.147 

.104 

.074 

.074 

0.62S 
.263 
.131 
.066 
.0328 
.0164 
.0062 
.0068 
.0041 
.0029 
.0029 

Percent. 

0.20 

31.97 

24.01 

16.99 

&90 

4.70 

L62 

.89 

.39 

.22 

2.11 

PereeML 

Per  cent 

a24 

.64 

.47 

.38 

.42 

.77 

L66 

1.72 

2.27 

3.69 

7.90 

3.16 

20.3 

16.16 

8.7 

6.86 

6.2 

8.6 

2.2 

1.8 

1.16 

23.90 

8 

6 

10 

20 

86 

66 

100 

160 

200 

<200 

41.17 
66.18 
81.17 
90.07 
04.77 
96.39 
K.28 
07.67 
97.89 
100.00 

82.45 
48.60 
67.30 
62.66 
•7.85 
71.45 
73.65 
74.05 
76.10 
100.0 

Total  or  avflnsn. 

100.00 

.70 
.76 

100.00 

Chec 

^sample... 

Ore  treated 

Zinc  concentrates  produced. 


Tons. 
1,975 
67.46 


Tailings 1,907.55 

Solids  in  overflow  from  settling  tanks 65. 09 


Tailings  without  overflow 1, 842.46 

Zinc  (Zn)  in —  Per  cent 

Concentrates 60. 1  40 .  537 

Tailings  without  overflow 76  14.003 

Overflow a  95  4.524 


Total  line  in  ore  treated 

Percentage  of  zinc  recovery 68. 63 


59.064 
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Table  10. — ResvlU  of  concentration  lest  vnth  mills  treating  hard-ground  ore  other  than 

sheet-ground— Contmned, 

HILL  IN  COMMERCE,  OKLA..  DISTRICT. 


Screen  analysis  of  mill  tailings,  not  tnoliiding  overflo^r. 

Zine  (Zn)  content. 

Site  of 
mesh. 

Sixe  of  opening. 

Weight 
of screen 
products. 

Cnmiilfr- 

tive 
weight. 

By 
assay. 

Percent- 
age of 
total 
tine. 

Cmnolft' 
tive  per- 
centage 
of  total 
sine. 

Mm. 

Inches. 

3 

6 

10 

» 

86 

66 

100 

160 

200 

<200 

6.680 
3.327 
L651 
.833 
.417 
.208 
.147 
.104 
.074 
.074 

a363 
.131 
.065 
.(Kt28 
.0164 
.0062 
.0058 
.0041 
.0029 
.0029 

Percent, 

1.12 

37.60 

39.21 

10.27 

5.10 

3^42 

2.73 

2.38 

1.54 

6.64 

PercenL 

■"*3R.*72** 
67.93 
78.20 
83.30 
86.73 
89.44 
91.88 
93.36 
100.00 

Percent, 

a60 

.TO 

.80 

.90 

1.16 

1.13 

.76 

.75 

.96 

1.80 

a8 

80.4 

96.95 

10.66 

6.8 

4.46 

2.35 

2.1 

1.7 

13.8 

31.2 
68.15 
68.80 
75.60 
80.05 
82.40 
84.50 
8n.20 
100.00 

Total  or  avaraim. 

IOOlOO 

0.96 
0.85 

100.00 

Chei 

^k  "ampli^ . . 

Tons. 


Ore  treated 1,504 

Concentrates  produced 100. 46 


TailingB l,40a.54 

Solids  in  overflow  from  settling  tanks 122. 20 

Mill  tailings  without  overflow 1, 281. 34 

Zinc  concentrates 39. 65 

Lead  concentrates 60. 81 

Zinc  (Zn)  in—  Per  cent. 

Zinc  concentrates ,. 47. 03  18. 647 

Lead  concentrates 2.09  L271 

Tailings  without  overflow 85  10.891 

Solids  from  overflow L  13  L381 


Total  zinc  in  ore  treated 

Percentage  of  zinc  recovery 57. 93 

Lead  (Pb)  in- 
Lead  concentrates 80. 93 

Zinc  concentrates 2. 44 

TaUings  without  overflow 0. 20 

Overflow 0.14 


32.190 


49. 214 
0.967 
2.563 
0171 


Total  lead  in  ore  treated 52.915 

Percentage  of  lead  recovery 93. 06 

Quantity  of  lead  and  zinc  (metallic)  in  ore  treated 85. 105 

Quantity  of  available  lead  and  zinc  in  concentrates 67. 861 

Percentage  of  lead  and  zinc  recovery  combined 79. 74 


ORE-DRESSING  PRACTICE. 
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Table  lO.^RaulU  of  concentratUm  test  with  mUla  treating  hard-ground  ore  other  than 

sheet-ground — Continued . 

MILI.  IN  COMMERCE,  OKLA.,  DISTRICT. 


Zino  (Zn)  content. 

Slieof 
mesh. 

Weight 
of screen 
products. 

CnTnula* 

tive 
weight. 

By 
asMiy. 

Percent- 
age of 
totnl 
lino. 

Cumula- 
tive per- 
centage 
of  total 
line. 

Mm. 

Inches. 

3 

6 

10 

20 

85 

65 

100 

150 

200 

<200 

0.680 
3.327 
.651 
.833 
.417 
•  206 
.147 
.104 
.074 
.074 

a263 
.131 
.065 
.0328 
.0164 
.0082 
.0068 
.0041 
.0029 
.0029 

Percent. 

4.99 

29.72 

22.98 

14.57 

12.50 

2.02 

1.01 

.70 

.50 

11.01 

Percent. 

PereenL 

0.68 

1.08 

1.12 

.85 

.87 

.79 

.79 

.97 

1.13 

2.24 

8.0 
28.45 
22.85 
11.0 
9.65 
1.4 
.7 
.6 
.5 
21.86 

34.71 
57.09 
72.26 
84.76 
86.78 
87.79 
88.49 
88.99 
100.00 

31.45 
54.30 
65.30 
74.95 
76.35 
77.06 
77.65 
78.15 
100.00 

Total  or  ATfiraea 

100.00 

1.13 
1.1 

100.00 

Che< 

?k  nun  pie... 

Tons. 

Ore  treated 1,498 

Zinc  concentrates 6L  06 

Lead  concentrates 46. 50 


Concentntes  produced  (lead  and  zinc) 


06.56 


Tailings 1,401.46 

Solids  in  overflow  from  settling  tanks 84. 13 

Tailings  without  overflow • 1, 317. 32 

Zinc  (Zn)  in—  Per  cent. 

Zinc  concentrates 42. 80  2L  849 

Lead  concentrates 2.50  L  137 

Tailings  without  overflow L  10  14. 490 

Overflow 3.28  2.769 


Total  sdnc  in  ore  treated 

Percentage  of  adne  recovery 64. 33 

Lead  (Pb)  in- 
Lead  concentrates. 78. 0 

Zinc  concentrates 2. 7 

Tailings  without  overflow 2 

Overflow L92 


40.236 


34.680 
L378 
2.636 
1.616 


Total  lead  in  ore  treated 40.208 

Percentage  of  lead  recovery 86.00 

Quantity  of  lead  and  zinc  in  ore  treated 80.443 

Quantity  of  lead  and  zinc  available  in  concentrates 66. 429 

Percentage  of  lead  and  zinc  recovery * 70.16 
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Table  11. — Rendu  of  eoncentnUion  tut  with  miU  treating  toftr^wund  an. 


.1.  .  .••         • 

I^^A - 

7An 

s  (Zn)  ooQtent. 

M€dL 

Si£e  of  opening. 

Weight 
ofacreen 
producti. 

Cumulft' 

tive 
weight. 

By 
anay. 

Percent- 
age ol 
total 
dnc. 

tiveper- 

ol  total 
sine. 

Mm. 

Indies. 

3 

6 

10 

20 

86 

06 

100 

160 

200 

200 

6.680 
8.327 
1.651 
.838 
.417 
.208 
.147 
.104 
.074 
.074 

0.263 
.131 
.066 
.0328 
.0164 
.0062 
.0068 
.0041 
.0020 
.0029 

ra 

Per  cent 

16.23 

30.20 

17.60 

11.08 

6.81 

1.80 

1.22 

.88 

.68 

13.50 

Percent. 

PareefU, 
0.48 
.73 
.89 
1.34 
1.82 
2.90 
8.07 
3.69 
3.70 
4.10 

4.0 

16.6 

10.05 

10.4 

8.7 

8.8 

2.65 

2.2 

1.76 

39.15 

46.43 
63.96 
74.96 
81.77 
83.63 
84.86 
86.73 
86.41 
100.00 

20.4 
31.35 
41.76 
60.45 
54.25 
66.90 
69.10 
00.85 
100.00 

Total  cr  averei 

100.00 

1.42 
1.66 

100.00 

Check  aamDie. 

Tods. 

Ore  treated 642 

Concentrates  (zinc)  produced 40. 32 


Tailings 601.68 

Zinc  (Zn)  in —  Peroent. 

Ooncentratee 58.60    23.627 

Tailings 1. 55      9. 326 


Total  zinc  (metallic)  in  ore  treated 32. 953 

Percentage  of  zinc  recovery 71. 70 


IMPOBTAVCE  OF  MILL  TESTS. 

When  an  ore  is  to  be  mined  and  treated,  it  is  not  always  apparent; 
even  to  the  most  experienced  metallurgist  or  millman,  what  method 
of  procedure  will  give  the  highest  recovery  of  the  valuable  minerals. 
After  a  concentrating  plant  or  mill  has  been  constructed  and  put  in 
operation  the  mill  superintendent  or  millman  is  apt  to  find  that  ce^ 
tain  changes  in  construction  are  necessary  to  effect  the  best  saving. 
However,  tests  should  be  made  to  determihe  what  kind  of  work 
the  mill,  or  a  certain  part  of  the  concentration  equipment^  is  do- 
iiig,  both  before  and  after  any  changes  are  made.  The  millman 
in  charge,  however,  should  not  discontinue  the  practice  of  making 
tests  when  he  believes  the  most  profitable  recovery  with  the  ore  in 
question  is  being  obtained,  but  should  continue  to  make  tests  at 
frequent  intervals  throughout  the  life  of  the  plant,  because  of  the 
variations  in  the  richness  and  character  of  the  ore  and  in  the  quantity 
treated.  The  millma.n  is  obHged  to  consider  what  degree  of  recov- 
ery will  yield  the  greatest  profit;  therefore  the  best  technical  results 
do  not  correspond  to  the  best  commercial  results.    Frequent  testing, 
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however,  will  indicate  where  improvements  can  be  made  for  increas- 
ing the  saving  of  mineral;  also  the  point  of  highest  profits  relative  to 
the  highest  d^ree  of  efficiency  practicable  is  brought  out  more 
definitely. 

The  concentration  methods  used  in  the  Joplin  district  may  seem 
erode  to  outsiders,  but  local  practices  adapted  to  local  conditions 
should  not  be  condemned  without  careful  consideration.  The  pen- 
alties the  smelters  impose  upon  impure  products  and  the  conditions 
governing  local  prices  must  be  taken  into  accoimt.  From  these 
conditions  and  the  usuaUy  low  mineral  content  of  the  ore  mined,  it 
is  obvious  that  the  operator  is  guided  more  by  the  relative  market 
values  of  his  product  than  by  the  increase  in  saving  that  he  might 
be  able  to  effect  through  more  elaborate  methods  or  equipment. 

VALUE  OF   SCBEEN   ANALYSES. 

Except  at  a  few  of  the  mills  in  the  district,  Uttle  attempt  is  made 
at  systematic  mill  tests  to  determine  the  percentage  of  recovery 
made  in  the  mill  or  in  the  different  steps  of  the  milling  process. 
This  in  spite  of  the  fact  that  sampling  tests  should  be  made  at  every 
mill  to  aid  the  miUman  in  detecting  and  rectifying  unnecessary  losses. 

Screen  analyses  of  the  tailings  should  be  made  to  detennine  in 
what  sizes  the  mineral  losses  are  greatest,  so  that  a  more  definite  idea 
can  be  obtained  as  to  where  further  saving  is  possible.  It  may  be 
found  that  the  material  coarser  than  20-mesh  does  not  contain 
mineral  that  would  repay  recovery,  whereas  that  passing  through  a 
20-me6h  screen  does.  Consequently  minor  changes  could  be  made 
to  collect  the  material  finer  than  20-mesh  for  fm'ther  treatment,  or 
to  improve  that  part  of  the  mill  that  is  losing  the  greater  propor- 
tion of  the  ore  particles  finer  than  20-mesh.  If  such  screen  analyses 
are  made  and  each  screen  product  is  assayed,  the  results  will  indicate 
the  metal  content  of  the  different  sizes,  and  from  the  weights  the 
percentage  of  loss  in  these  sizes  can  be  calculated. 

In  any  screen  analysis,  the  millman  wishes  to  know  what  values 
are  contained  in  the  oversize  or  imdersize  of  a  screen  used  in  the  mill 
and  having  a  certain  size  of  screen  openings.  The  selection  of  a  set 
of  screens  that  would  be  suited  to  every  mill  and  every  purpose 
would  be  difficult,  if  not  impossible,  as  the  perforated  screens  used 
are  of  various  size  openings,  according  to  the  local  practice  or  the 
practice  at  any  one  mill.  For  making  a  screen  test  the  millman 
can  use  whatever  size  of  screen  openings  that,  in  his  judgment,  is 
best  suited  to  the  test  he  wishes  to  make.  However,  if  he  should 
wish  to  make  an  analysis  of  several  sizes,  especially  of  those  inter- 
mediate of  the  sizes  of  screens  used  in  the  miU,  the  different  size 
openings  of  the  screens  used  should  have  a  definite  relation  to  each 
other.    Many  different  makes  of  screens  have  the  same  mesh,  but 
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owing  to  the  different  diameters  of  the  wire  used  by  the  different 
manufacturers,  the  openings  are  not  the  same.  The  mesh,  which  is 
the  number  of  openings  per  linear  inch,  means  nothing  if  the  size  or 
diameter  of  the  opening  is  not  given. 

Also,  screen  analyses  should  be  made  to  determine  the  crushing 
efficiency  of  rolls  and  the  screening  efficiency  of  screens. 

For  all  screen  tests  made,  as  given  herein,  a  set  of  Tyler  standard- 
screen-scale  sieves  was  used,  the  openings  of  which  are  as  follows: 

Table  12. — Sizes  of  Tyler  standard'Screen-scaU  neve$. 


Size  of  openings. 

Mesh. 

Diameter 
of  wire. 

Inches 

(ratio,  Vs 
or  1.414). 

Milli- 
meters. 

l.OSO 
.743 
.625 
.871 
.968 
.185 
.131 
.093 
.065 
.046 
.0328 
.0232 
.0164 
.0116 
.0082 
.0068 
.0041 
.0029 

26.67 

18.85 

13.33 

0.423 

0.680 

4.699 

3.327 

Z362 

1.651 

1.168 

.833 

.589 

.417 

.205 

.208 

.147 

.104 

.074 

Tnek. 
0.149 
.135 
.106 
.092 
.070 
.065 
.036 
.032 
.086 
.026 
.0172 
.t)125 
.0123 
.0092 
.0072 
.0042 
.0026 
.0021 

, 

3 

4 

6 

8 

10 

14 

20 

28 

35 

48 

65 

100 

150 

200 

COARSE  COirCEirTRATIOir. 

SORTING. 

When  the  ore  has  been  hoisted  from  the  shaft  it  is  delivered  on  to  a 
chute  leading  to  a  grizzly.  This  grizzly  consists  of  iron  bars,  usually 
heavy  rails,  spaced  4  to  5  inches  apart  as  shown  in  Plate  XIH,  A. 
The  mineralized  lumps  in  the  oversize  caught  on  the  grizzly  are 
broken  with  sledge  hammers  into  pieces  small  enough  to  pass  Huough; 
the  bowlders  that  are  practically  barren  are  sorted  by  hand  and 
trammed  to  the  waste-rock  pile.  The  proportion  of  waste  rock 
thus  sorted  out  varies  from  a  fraction  of  1  per  cent  to  15  per  cent, 
according  to  the  character  of  the  ore.  The  sorting  is  .done  by  screen- 
men,  better  known  locally  as  '^cull  men.'' 

Sorting  other  than  that  by  the  screenmen  is  rarely  practiced  at 
the  mines  of  the  Joplin  district.  It  is  beheved  that  sorting  out  the 
greater  proportion  of  the  large  bowlders  of  waste  rock  from  the  ore 
is  of  much  importance  if  properly  done.  The  reasons  for  this  belief 
are  perfectly  clear.  Eliminating  a  certain  amount  of  waste  rock 
increases  the  richness  of  the  material  retained  for  further  treatment 
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and  also  the  relative  capacity  of  the  mill;  makes  possible  a  higher 
recovery;  lessens  the  wear  and  tear  on  rolls,  elevators,'  screens,  and 
other  equipment,  and  saves  the  power  that  would  be  consumed  in 
treating  waste  rock.  At  one  of  the  sheet-ground  mines  hand-pick- 
ing the  ore  just  before  it  entered  the  crusher  was  tried  to  good  advan- 
tage, and  a  considerable  saving  ux  both  mineral  and  costs  per  ton 
was  said  to  have  been  made.  If  a  system  of  sortii^  underground, 
especially  in  the  sheet-ground  mines,  could  be  developed,  or  even 
a  large  proportion  of  waste  rock  sorted  out  by  the  screenmen  at 
the  grizzly,  the  writer  believes  that  an  appreciable  saving  would  be 
effected. 

CBTTSHINa  AND  SCBEENING. 

The  undersize  material,  5  inches  or  less  in  diameter,  passes  through 
the  openings  of  the  grizzly  into  the  miH  hopper  below.  From  the 
hopper  the  ore  is  fed  by  means  of  an  incline  chute  into  a  jaw  crusher 
of  tiie  Blake  type  (PI.  XIII,  B),  where  the  larger  size  material  is 
reduced  to  2  inches  or  less  in  diameter,  depending  on  the  setting 
of  the  jaws  of  the  crusher  at  the  discharge  end. 

USE   OF   SHAKING   SCBEENS   AHEAD   OF   CBUSHEB. 

At  a  few  mills  it  was  found  that  instead  of  an  incline  a  perforated 
shaking  -screen  having  about  f  to  |  inch  holes  was  used,  a  stream  of 
water  being  played  upon  the  material  as  it  passed  over  the  screen. 
Much  of  the  finer  material  was  washed  through,  thus  eliminating 
unnecessary  crushing  of  fines  and  increasing  to  some  extent  the 
relative  capacity  of  the  crusher  and  the  roUs,  the  imdersize  being 
fed  directly  to  tiie  feed  or  ''dirt"  elevator.  This  feature  is  a  useful 
one  and  has  been  elSectively  applied  in  some  of  the  larger  mills 
in  other  mining  districts. 

In  the  few  mQls  in  this  district  where  this  device  has  been  tested 
there  has  been  some  difficulty  in  getting  the  undersize  through  the 
openings  of  the  screen,  chiefly  because  the  narrow  width  of  the 
screen  causes  the  ore  to  bed  too  heavily  and  because  a  good  shaking 
motion  is  lacking.  In  those  districts  where  shaking  screens  are  used 
at  the  head  of  the  stamp  or  the  crusher  to  by-pass  a  certain  imder- 
size, the  screen  is  4  to  5  feet  wide  at  the  feed  end  and  tapers  to 
1  to  1^  feet  in  width  at  the  discharge  end.  The  shaking  motion  is 
effected  by  an  eccentric.  In  the  mills  of  the  Joplin  district,  where 
such  screens  are  used,  the  writer  believes  that  the  screening  efficiency 
could  be  increased  by  using  wider  screens,  thus  permitting  the  ore 
to  spread  into  a  thinner  bed,  and  by  effecting  a  better  shaking  motion. 
A  simpler  device  that  might  be  used  to  by-pass  the  undersize  into 
the  feed  elevator  is  an  inclined  grizzly  with  the  bars  set  about  three- 
fourths  of  an  inch  apart. 
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SCBSEN  TEST  OF  PRODUCT  FSOM  SHAKING  8CBBBN. 


To  give  some  idea  of  the  product  from  a  shaking  screen  with  J-inch 
perforations,  as  used  at  the  head  of  the  crusher  in  one  of  the  mills, 
the  following  screen  analysis  is  given: 

Tablb  13. — Results  of  screen  analysis  of  under  size  from  shaking  screen  used  ahead  of  crusher. 


Site  of  screen 

openinn 

(mesh). 

Weight  of 

screen 

product. 

Cumulative 
weight. 

Sise  of  screen 
openings 
(mesh). 

Weight  of 

screen 

product. 

Cumulative 
weight. 

aO.625 

8 

6 
10 
20 
36 
66 

Percent, 

4.96 

48.21 

27.26 

11.18 

6.87 

8.70 

2.04 

Per  cent. 

100 

IflO 

200 

<200 

Total 

PercmL 
.62 
.52 
.62 
.64 

Percent. 

08.32 

98.84 

90.46 

100.00 

48.17 
76.42 
86.60 
01.97 
05.76 
97.80 

100.00 

• 

a  Inch. 

The  tahle  shows  that  75  per  cent  of  the  undersize  product  from 
the  shaking  screen  was  oversize  on  the  G-mesh  screen,  and  that  only  a 
small  percentage  of  material  larger  than  0.525  inch,  or  approximately 
\  inch,  paased  through  the  f-inch  round  openings  in  the  shaking 
screen. 

ORUSHEBS,   BOLLS,  AND  TBOMMEL   CIRCUIT. 

As  stated  previously,  the  crushers  used  in  the  mills  of  this  district 
are  of  the  Blake  type,  and  vary  in  size  from  8  by  14  inches  to  12  by 
24  inches.  More  than  one  crusher  is  seldom  used  with  the  exceiption 
that  if  the  mill  is  divided  into  two  sections  or  units,  as  in  a  few  of 
the  larger  plants,  two  crushers  are  employed.  The  usual  running 
speed  of  crushers  is  300  to  400  revolutions  per  minute. 

The  discharge  from  the  crusher  is  fed  directly  to  a  set  of  rolls 
(see  PI.  XIII,  B)  and  is  largely  reduced  to  f-inch  size  or  less.  As  a 
rule  only  one  set  of  rolls,  better  known  as  "first"  rolls  or  primary 
roUs,  is  used  for  crushing  to  this  size,  but  a  few  of  the  larger  milk 
use  two  sets.  Primary  roUs  generally  measure  36  by  14  inches, 
although  rolls  measuring  30  by  14  and  42  by  14  inches  are  often 
used. 

The  roll  shells  are  cast  locally  and  consist  of  ordinary  hard  iron. 
Some  of  the  mills  are  now  using  steel  shells  for  recrushing  middlings 
with  satisfactory  results.  Closed  rolls  (faces  touching)  are  generally 
used,  although  a  few  mills  are  equipped  with  spaced  rolls  which  are 
run  at  a  higher  speed  than  the  closed  type.  The  advantage  of  spaced 
roUs  is  the  production  of  less  slimes. 

The  crushed  ore  from  the  primary  rolls  is  elevated  to  a  trommel, 
usually  with  J-inch  round-hole  perforations;  the  imdersize  from 
the  trommel  goes  to  the  roughing  jigs  and  the  oversize  retxums  to  one 
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or  two  secondary  rolk,  or  return  rolk,  for  furthw  crushing.  The 
product  from  the  secondary  rolls  is  fed  back  to  the  feed  or  ''dirt" 
elevator  and  is  returned  to  the  trommel  again.  Thus  the  recrush- 
ing  equipment  forms  a  dosed  circuit  so  that  aU  the  material  from  the 
primary  rolls  must  pass  through  the  ^-inch  openings  of  the  trommel. 


SCBEBN  TB8TS  OP  PRODXTCTS. 

Some  screen  tests  of  the  products  from  crushers,  primary  rolls, 
and  return  rolls  are  shown  in  Table  14  following. 

Table  14. — EeaulU  of  mreen  tests  of  feed  and  discharge  of  primary  rolls  in  mill  treating 

'* sheet-ground^'  ore. 

FIRST  TEST. 


Sice  of 

scnon 

openings 

Feed  to  primary  rolla 
(crusher  discharge). 

Discharge  fh)m 
primary  rolls. 

Weight  of 
screen  pro- 
ducts. 

Cumula- 
tive weight. 

Weight  of 
screen  pro- 
duets. 

Cumula^ 
tive  weight 

aO.5 

3 

6 

10 

20 

35 

65 

100 

150 

200 

<200 

Per  cent. 

73.83 

&78 

8.08 

4.48 

1.97 

1.15 

.68 

.28 

.23 

.10 

.44 

PereetU. 

Per  cent. 

32.78 

30.08 

17.90 

8.65 

4.12 

3.86 

1.77 

.56 

.47 

.21 

.60 

Percent. 

62.61 
90.69 
95.17 
97.14 
96.29 
96.97 
99.23 
99.46 
99. 56 
100.00 

62.86 
80.76 
89.41 
93.53 
96.39 
08.16 
96.73 
99.19 
99.40 

loaoo 

100.00 

100  00 

SECOND  TEST. 


aO.5 
3 

78.69 
6.13 

38.26 
27.13 

84.82 

65.30 

6 

6.55 

91.37 

13.44 

78.83 

10 

3.71 

95.08 

6.93 

85.76 

20 

1.79 

96.87 

4.42 

90.18 

35 

1.19 

98.06 

435 

94.73 

65 

.75 

98.81 

2.70 

97.52 

100 

.31 

99.12 

.86 

98.38 

150 

.27 

99.39 

.62 

99.00 

200 

.15 

99.54 

.28 

99.28 

<300 

.46 

100.00 

.70 

99.98 

100.00 

99.98 

a  Inch. 

The  table  shows  that  more  than  70  per  cent  of  the  material  dis- 
charged from  the  crusher  would  remain  on  a  J-inch  mesh  screen,  and 
that  by  passing  this  material  through  the  first  rolls  the  proportion  of 
material  coarser  than  i  inch  is  reduced  about  one  half.  The  other 
screen  products  less  than  }  inch  in  size  indicate  how  that  part  of  the 
crusher  discharge  larger  than  ^-inoh  size,  is  distributed  through  the 
different  sizes  below  }  inch. 

34508*— 18— Bull.  154 5 
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The  oversize  from  the  trommels  handling  the  material  from  the 
feed  or  ''dirt"  elevator  is  crushed  by  one  or  two  sets  of  return  rolls, 
usually  30-iach.  As  previously  mentioned,  the  crushing  is  in  closed 
cuxiiuit,  all  the  material  being  crushed  to  pass  the  openings  of  the 
trommel  before  going  fco  the  jigs. 

The  results  of  screen  analyses  of  the  feeds  to  return  rolls  and  their 
products  are  given  in  Table  15,  followiug. 

Table  15. — Retults  of  screen  analyses  of  feed  and  prodtLCt  of  return  rolls  in  mUl  treating 

"  hc^a-ground"  ore. 


Screen. 

First  series  of  tests. 

Second  series  of  tests. 

Feed  to 
return  rolls. 

Product  from 
return  rolls. 

Feed  to 
return  rolls. 

Product  from 
retom  roUs. 

Size  of 
mosh. 

Sise  of  opening. 

Weight 
of  screen 
products. 

Cumu- 
lative 
weight 

Weight 
of  screen 
products. 

CumU" 

lative 

weight. 

Weight 
of  screen 
products. 

Cumu- 
lative 
weight. 

Weight 
of  screen 
products. 

Cnmu- 
laUve 
weight.. 

Mm. 

Inches. 

aS25 
.263 
.131 
.065 
.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

Percent. 

31.39 

64.23 

3.75 

.27 

.08 

.06 

.20 

Percent. 

Percent. 

3.00 

43.53 

26.70 

11.94 

5.94 

3.55 

1.93 

.88 

.19 

.65 

1.69 

Percent. 

Percent. 

30.  S2 

59.23 

8.03 

.79 

.36 

.28 

.20 

.11 

.04 

.04 

.10 

Percent. 

Percent, 

2.15 

44.06 

29.56 

laso 

5.38 

3.40 

1.81 
.81 
.13 
.70 

1.32 

Percent. 

3 

0 

10 

20 

85 

65 

100 

160 

200 

<200 

Tot 

6.680 
3.327 
1.651 
.833 
.417 
.206 
.147 
.104 
.074 
.074 

Al 

05.62 
99.37 
99.64 
99.72 
99.80 
100.00 

46.53 
73.23 
85.17 
91.11 
94.66 
96.59 
97.47 
97.66 
98.31 
100.00 

90.05 
98.08 
98.87 
99.23 
99.51 
90.71 
99.82 
99.86 
99.90 
100.00 

46.21 

75.77   ; 

86.36 

91.74 

95.23 

97.04 

97.  S5 

97.98 

98.  &S   , 

100.00 

loaoo 

100.00 

loaoo 

loaoo 

In  the  two  examples  of  screen  tests  given  above,  the  rolls  were 
doing  good  work,  better  than  the  average  done  in  the  mills  through- 
out the  district.  However,  the  relatively  more  efficient  crushing 
is  partly  the  result  of  efficient  screening  by  the  screen  trommels. 


CRUSHING  OF 


''chats." 


The  next  step  in  crushing  for  coarse  concentration  is  to  crush  the 
middlings  from  the  different  jigs.  This  material,  which  needs  further 
grinding  and  concentration,  is  locally  known  as  ''chats,''  the  set 
of  rolls  crushing  it  is  known  as  "chat"  rolls,  and  the  jigs  that  treat 
the  crushed  product  separately  are  called  "chat"  jigs. 

It  is  in  crushing  chats  that  the  least  effective  croidung  is  done  in 
the  nulls  of  the  district.  As  an  example  of  rather  poor  results  in 
crushing  chats,  screen  analyses  of  the  feed  and  the  produot  from  a 
set  of  24-inch  rolls  are  shown  in  Table  16  herewith. 
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Tabus  16. — Results  of  screen  analyses  of  feed  and  product  of  "  chat**  rolls  in  mill  treating 

'*  hard-ground**  ore. 


Sieve. 

Feed  to  chat  rolls. 

Product  from  chat  rolls. 

Size 

of 

mesh. 

Siie  of  openings. 

Weight  of 

Cumula- 

tlve 
weight. 

Weight  of 
screen  prod- 
ucts. 

Cumula- 
tive 
weight. 

Mm.. 

Inches. 

screen  prod- 
ucts. 

3 

6 

10 

20 

35 

65 

100 

150 

200 

<200 

6.680 
3.327 
1.651 
.833 
.417 
.208 
.147 
.104 
.074 
.074 

0.263 
.131 
.065 
.0328 
.0164 
.0082 
.0068 
.0041 
.0029 
.0029 

Percent. 

16.16 

69.02 

11.96 

1.88 

.78 

.11 

.04 

.01 

.02 

.04 

Percent. 

Percent. 

10.48 

68.98 

16.10 

1.91 

1.49 

.44 

.15 

.07 

.07 

.31 

Percent. 

85.18 
97.14 
99.00 
99.78 
99.89 
99.98 
99.94 
99.96 
100.00 

79.46 
96.56 
97.47 
98.96 
99.40 
99.65 
99.62 
99.69 
100.00 

Total. 

100.00 

• 

100.00 

Uneven  wear  of  the  shells,  of  the  usual  cast-iron  type  used  so 
extensively  throughout  the  district,  is  responsible  for  the  seemingly 
poor  work  of  these  rolls.  For  material  of  this  size  steel  shells  are 
much  more  efficient  and  should  be  used.  Returning  so  much  oversize 
to  the  trommel  reduces  its  screening  efficiency. 

COABSE   SCREENING. 

Cylindrical  trommels  are  the  screens  most  commonly  used  through- 
out the  district  for  coarse  work.  Both  trommel  and  shaking  screens 
are  used  for  fine  screening  although  the  former  finds  more  favor  among 
the  mill  men. 

The  screening  efficiency  of  a  trommel  depends  on  the  size  of  the 
trommel,  both  its  diameter  and  length,  its  speed,  its  slope,  the  size  of 
screen  opening,  and  the  quantity  and  rate  of  feed.  In  the  miUs  of 
the  Joplin  district  the  trommels  are  run  at  speeds  ranging  from  15  to 
28  revolutions  per  minute,  and  have  slopes  of  five-eighths  of  an  inch 
to  2  inches  per  foot.  For  coarse  screening  the  trommels  usually  are 
36  by  96  inches,  48  by  96  inches,  and  48  by  144  inches,  with  three- 
eighths  to  five-eighths  inch  openings  at  the  head  of  "rougher''  jigs 
and  one^fourth  to  one-eighth  inch  openings  at  the  head  of  sand  or 
"chat"  jigs. 

It  has  been  stated  that  the  discharge  from  the  feed  or  "dirt"  eleva- 
tor is  fed  to  a  trommel;  the  undersize  from  the  trommel  passes  to  the 
rougher  jigs,  while  the  oversize  is  crushed  through  the  "return"  rolls 
and  returned  to  the  feed  elevator.  Where  the  entire  feed  passes 
eventuaUy  through  the  openings  of  the  trommel,  the  trommel  being 
in  closed  circuit  with  the  return  rolls,  the  millman  is  likely  to  be  less 
careful  in  determining  the  best  conditions  for  most  efficient  and 
economical  screening  and  capacity,  as  long  as  the  main  purpose  of 
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the  screen  is  accomplished.  The  writer  has  frequently  found  trom- 
mels running  too  fast  for  efficient  screening.  Increasing  the  speed 
beyond  certain  limits,  lessens  the  screening  efficiency,  increases  the 
quantity  of  oversize,  adds  to  the  wear  on  the  rolls  from  grinding  addi- 
tional oversize,  and  the  undersize,  which  should  have  passed  through 
the  screen  openings,  is  reduced  still  finer  by  the  rolls  in  closed  circuit. 
In  the  Joplin  district  the  ore  is  screened  wet.  -  If  the  trommel  has 
not  sufficient  slope  with  reference  to  the  speed  and  the  diameter,  the 
feed  is  liable  to  be  too  heavy  and  prevent  the  undersize  from  working 
freely  through  the  screen.  This  is  especially  true  of  the  finer  sized 
material  when  not  enough  water  is  used.  The  mill  man  should 
determine  as  nearly  as  possible  the  slope  and  speed  best  suited  to  the 
trommel  for  the  given  quantity  of  feed  and  size  of  material. 

EFFICIENCT  OF  TBOMMEL8. 

To  show  the  screening  efficiency  of  trommels  m  some  of  the  Joplin 
mills  the  results  of  a  few  tests  are  given  below. 

Test  1. — Screening  efficiency  of  trommel  with  i-inch  openings. 

[Trommel  size,  48  by  144  inches;  speed,  25  r.  p.  m.;  slope,  1)  inches  per  foot.] 

jgffl-  Weight  of  undersize  passing  through  the  screen. 

Total  weight  of  undersize  in  the  feed. 

Trommel  Trommel 
Product.  feed,      oversixe. 

Oversize  on  i-inch  screen,  per  cent ''. 17.  2     44. 7 

Undersize  through  )-inch  screen,  per  cent 82. 8     55. 3 


100.0    100.0 
17.2X55.3 

44. 


<55.3    „-  ^^      ^  .  (82.8—21 .28) X 100    ^^  ^ 

^ — =21.28;  efficiency"^ ^^  g      — « 74 .06  per  cent. 


Test  2. — Screening  efficiency  of  trommel  with  i-inch  openings. 
[Trommel  size,  48  by  144  inches;  speed,  25  r.  p.  m.;  slope,  1)  inches  per  foot.] 

Trommel  Trommel 
Product.  feed,     oversixe. 

Oversize  on  }-inch  screen,  per  cent 21. 4     42. 1 

Undersize  on  }-inch  screen,  per  cent 78.6     57.9 

100.0    100.0 

21.4X57^  .  (78.&-29.43)X100    ^^  ^^ 

— 42TI — ""^-^S;  efficiency™^ 786  =62.55  per  cent. 

Test  3. — Screening  efficiency  of  trommel  with  -fi-inch  openings. 

[Trommel  size,  48  by  144  inches;  speed,  21  r.  p.  m.] 

^  Trommel  TtodimI 

Product.  feed,     overslie. 

Oversize  on  -jVinch  screen,  per  cent 23. 1     64. 5 

Undersize  through  -^inch  screen,  per  cent 76.  9     35. 5 

100.0    100.0 

23.1X35.5    „,.,      ^.  (76.9— 12.71)X100    ^,  ,^ 

— 6475 — =12.71;  efficiency™^ 76  9^ — =83.47  per  cept 
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Test  4. — Screening  efficiency  of  trommel  with  \'inch  openings. 

[Tronunel  size,  48  by  144  inches;  speed,  21  r.  p.  m.;  slope,  1^  inches  per  foot.] 

Trommel  Trommel 
Product.  feed,     oversize. 

Oversize  on  )-inch  screen,  per  cent ^ v  13. 3      40.  3 

rnderaize  through  i-inch  screen,  per  cent 86.  7      59.  7 

100.0    100.0 

13.3X59.7    ,„  _     ^  .             (86.7— 19.7)X100    ^^  „q  ^  . 

—^ — =19.7;  efl5ciency=^ Kqtt =77.28  per  cent. 

Tbst  5. — Screening  efficiency  of  trommel  with  {-inch  openings, 

[Trommel  size,  48  by  96  inches;  speed,  26  r.  p.  m.;  slope,  1}  inches  per  foot.] 

Trommel  Tronmiel 
Product.  feed,     oversize. 

OverBize  on  J-inch  screen,  per  cent 15.  3      29.  7 

Undersize  through  J-inch  screen,  per  cent 84. 7      70. 3 

100.0    100.0 

15.3X70.3    ,^  ^     ^  .            (84.7— 36.22)X100    _^  _ .  . 

ngy — ■«36.22;  efficiency** 847  =57.24  per  cent. 

In  most  mills  the  poor  screening  efSiciency  of  trommels  results 
from  too  high  speed.  Usually  the  best  speed  for  a  trommel^  under 
proper  conditions;  is  15  to  21  revolutions  per  minute,  and  the  trommel 
should  not,  as  a  rule,  be  run  much  faster  or  slower  than  these  limits. 

JIGGINa. 

The  Cooley  jig  (PI.  XIV  and  fig.  9),  similar  in  principle  to  the  Harz 
jig,  is  the  most  common  type  of  jig  used  in  this  district.  It  is  of  the 
fixed-sieve  type,  the  water  being  forced  up  and  down  through  the 
stationary  screens  or  grates  by  the  action  of  plungers  in  adjacent 
compartments.  The  number  and  the  size  of  the  compartments  for 
each  jig  depend  on  the  size  and  character  of  the  ore  treated. 

OUTLINE   OF  CONCENTRATION   SYSTEM. 

In  general,  a  system  of  "roughing'*  and  "cleaning"  is  followed. 
The  feed  is  given  a  preliminary  cleaning  on  one  or  two  "rougher" 
jigs  that  eliminates  the  greater  proportion  of  waste  material.  Then 
the  enriched  product,  which  will  assay  10  to  25  per  cent  zinc,  is  treated 
on  a  "cleaner"  jig,  bringing  the  zinc  tenor  up  to  50  to  60  per  cent. 
The  "chats"  or  middlings  from  the  rougher  and  the  cleaner  jigs,  which 
together  will  assay  4  to  8  per  cent  zinc,  are  recrushed  and  either 
returned  to  the  rougher-jig  feed  or  treated  separately  over  a  "chat" 
jig.  The  tailings  from  the  rougher  jig  are  usually  dewatered  by 
means  of  a  dewatering  trommel  with  1  J-mm.  to  2-mm.  openings,  over 
the  outside  of  which  the  tailings  pass  as  the  trommel  slowly  revolves. 
The  undersize  from  this  trommel  flows  to  the  settling  tanks  and  the 
oversize  to  the  taihrigs  elevator  as  waste.    The  overflow  from  the 
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tailing  end  of  the  cleaner  jig,  and  other  jigs  if  used,  also  passes  to 
the  settling  tanks  for  subsequent  treatment. 

The  rougher  jigs  usually  have  5  or  6  cells  with  a  screening  or 
grate  area  ranging  from  30  by  42  inches  to  36  by  48  inches.  The 
speed  of  the  shaft  connecting  the  plungers  and  the  eccentrics  varies 
from  90  to  -120  revolutions  per  minute;  the  length  of  stroke  of  the 
plungers  ranges  from  f  inch  to  IJ  inches.  The  cleaner  jigs  each 
have  6  or  7  cells  with  a  grate  area  somewhat  smaller  than  that  of 
the  rougher  jigs.  The  speed  of  the  shaft  connecting  the  plungers 
and  the  eccentrics  of  cleaner  jigs  is  160  to  200  revolutions  per  minute; 
the  length  of  stroke  ranges  from  f  to  f  inch.  The  chat  or  sand  jigs, 
Thich  are  not  commonly  used,  are  smaller  in  size  and  usuaUy  have 
i  or  5  cells  each,  and  are  operated  at  a  higher  speed  and  shorter 
stroke. 

The  material  fed  to  the  first  cell  of  the  rougher  jig  is,  as  a  rule,  not 
graded  or  classified.  A  bed  5  to  6  inches  deep  is  foimed  as  a  result 
of  the  pulsating  action  of  the  water,  the  lighter  gangue  material,  such 
as  flint,  rises  to  the  top  of  the  bed,  the  heavier  free  grains  of  lead  and 
zmc  minerals  working  down  V>  the  bottom.  The  downward  suction 
stroke  draws  the  finer  grains  of  mineral  through  the  screen  or  grate 
openings  into  the  hutch  of  each  compartment.  The  strength  of  the 
suction  is  increased  by  leaving  the  gates  of  the  hutch  partly  open. 
The  material  that  accumulates  in  the  hutch  is  known  as  ''smit- 
tem,"  and  is  fiffther  treated  on  the  cleaner  jig.  The  bed  products 
of  the  first  two  or  three  cells  are  also  drawn  off  and  pass  with  the 
hutch  product  to  the  cleaner  jig.  The  chats  or  particles  containing 
included  lead  and  zinc  mineral,  usually  from  the  last  hutch  and  the 
last  two  or  three  beds,  are  drawn  off  and  reground  before  fm-ther 
treatment. 

Various  tests  conducted  by  the  writer  at  different  mills  through- 
out the  district  indicate  that  a  few  minor  changes  in  the  flow  sheet  or 
treatment  of  the  ore  would  at  many  of  the  mills  effect  more  efficient 
jigging  and  a  greater  saving.  To  publish  the  data  on  each  test 
\\ould  require  too  much  space,  but  the  results  of  some  of  the  tests 
are  given  to  bring  out  the  important  points  under  discussion. 

EFFICENCY  OF  JIGS. 

A  few  results  of  efficiency  tests  made  on  rougher  jigs  are  given  to 
show  the  average  percentage  of  efficiency  of  rougher  jigs  on  zinc- 
blende  ore. 

The  treatment  of  rougher  jigs  can  be  considered  a  closed  circuit 
in  each  example  given,  because  the  chats  or  middlings  were  being 
reground  and  returned  to  the  feed  of  the  rougher  jig.  On  this 
hasis,  the  percentage  of  efficiency  or  zinc  recovery  can  readily  be 
calculated  by  the  formula 

P_100Xc(^-0 
^-      h{c-t) 
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where  B  represents  percentage  of  efficiency,  h  represents  the  zinc 
content  of  the  head  or  feed  to  the  rougher  jig,  c  the  zinc  content  of 
the  concentrate  product  from  the  jig,  and  t  the  zinc  content  of  the 
tailing  as  it  leaves  the  jig.  In  the  first  example  the  feed  Qi)  as- 
sayed 2.85  per  cent  zinc,  the  concentrate  (c)  25.5  per  cent  zinc,  and 
the  tailing  (f)  1.10  per  cent  zinc.  Substituting  these  figures  in  the 
formula  and  solving  show  that  the  efficiency  or  percentage  of  zinc 
recovery  from  the  rougher  jig  was  64.17  per  cent.  In  other  words 
this  jig  saved  only  64.17  per  cent  pf  the  total  zinc  content  in  the 
feed.  However,  in  this  mill  the  tailing,  discharged  from  the  last 
cell,  was  dewatered  over  a  trommel  before  leaving  the  mill  as  waste. 
Dewatering  eliminated  a  considerable  proportion  of  slime  from  the 
tailing,  and  as  the  slime,  as  a  rule,  assays  considerably  higher  than 
the  coarser  material,  the  tailing  assay  was  lowered  from  1.10  to  0.70 
per  cent  zinc. 

BS8I7LTS  OF  EFnCISirOT  TESTS  OF  KOUOHE&  JIOS. 

Example  1.    Sheet-Ground  Orb.  Zincoontoit, 

peromt. 
Feed  or  head  (^) , 2. 85 

Concentrate  (c) 25. 5 

Tailing  (t)  discharge  from  last  cell 1. 10 

Dewatered  tailing 70  . 

p_100Xc  (^-^0^100X25.5  (2.85-1.10),g,  ,. 

*        h{c^t) 2:85(25.5-1.80) ^^'^^  ^'  "^""^ 

Example  2.    Sheet-Ground  Ore. 

Feed  or  head  (h) 1. 13 

Concentrate  (c) 15. 0 

Tailing  (t)  discharge  from  last  cell 50 

Dewatered  tailing 38 

jg_100Xc  (;i-0^100X15.0  (1.13-0.50)_3y  67  oer  cent 
^         h  (c-t)  1.13  (15.0-0.50)      ^^'^^  P^*^  '^®°^* 

Example  3.    Hard-Ground  Ore  Other  Than  Sheet-Ground. 

Feed  or  head  (h) 1. 20 

Concentrate  (c) 9. 57 

Tailing  (t)  discharge  from  last  cell 55 

Dewatered  tailing 34 

jg^lOOXc  (;i-0_100X9.57  (1.20-0.55)_,-  . 

h  (c-0  1.20  (9.57-0.55)         ^^'^^  ^"^  '^®^*- 

Example  4.    Ore  in  Miami  District. 

Feed  or  head  (h) L  99 

Concentrate  (c) 14*  1 

Tailing  (0  discharge  from  last  cell 87 

Dewatered  tailing 82 

;^^100Xc  (ft~0,100X14.1  (1.99-0.87)_,Q  .g  T,er  cent 
h  {c-D  1.99  (I4.i:^.87y        ^^'^^  P®'  ''^''^' 
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From  the  results  given,  and  others  on  hand^  it  can  be  btated  that 
20  to  30  per  cent  of  the  total  zinc  in  the  ore  treated  is  lost  in  the  first 
stage  of  concentration  over  rougher  jigs.  Hence^  some  tests  are  pre- 
sented to  show  what  the  chief  causes  of  this  loss  are  and  how  it  can 
be  lessened. 

LOSSES  FROM  JIGS. 

The  feed  to  the  rougher  jig,  which  in  most  mills  is  ungraded  mate- 
rial, consists  of  both  coarse  and  fine  material.  The  results  ot  screen 
analyses  of  the  feed,  the  total  tailing  from  the  rougher  jig,  and  the 
dewatered  tailing,  and  the  assays  of  the  various  screen  products  of 
two  mills  are  given  in  Tables  17  and  18  following.  Table  17  repre- 
sents the  results  of  treating  sheet-ground  ore  over  a  rougher  jig. 
Table  18  represents  the  results  of  treating  of  a  chatty  ore  in  the 
Miami  district  over  a  rougher  jig. 

Table  17. — Results  of  screen  arudyaes  in  treatment  of  sheetrground  ore  over  rougher  jig, 

A.    FEED  TO  THE  ROUGHER  JIG. 


Screen. 

Weight 

of  screen 

products. 

Cumu- 
lative 
weight. 

Zinc 
content 
by  assay. 

Percent- 
age of 
total  cine. 

Cumula- 
tive sine 
content. 

Stee  or 
mesh. 

Sise  of  opening. 

Mm. 

Inches. 

3 

6 

10 

20 

35 

65 

100 

150 

200 

<200 

6.680 

3.327 

1.651 

.833 

.417 
.206 
.147 
.104 
.074 
.074 

0.263 
.131 
.065 
.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

Peretnt. 

0.26 

44.08 

22.10 

10.14 

5.55 

3.16 

1.27 

.97 

.19 

3.28 

Per  cent. 
9.26 
53.34 
75.44 
85.58 
91.13 
94.29 
95.56 
96.53 
96.72 
100.00 

Percent. 
0.55 
.65 
1.02 
1.16 
1.68 
2.15 
3.17 
3.74 
4.52 
6.77 

4.53 

26.18 

20.07 

10.46 

8.30 

6.04 

8.60 

3.22 

.79 

16.81 

Percent. 
4.53 
30.71 
50.07 
61.24 
69.54 
75.58 
79.18 
82.40 
83.19 
100.00 

Total  or  averaee. 

100.00 

1.13 

100.00 

B.    TAILING  FROIf  ROUGHER  JIG  BEFORE  PASSING  DEWATERING  SCREEN. 


3 

6.680 

0.263 

7.66 

7.66 

0.53 

8.06 

8.06 

6 

3.327 

.131 

46.80 

54.46 

.35 

32.48 

40.54 

10 

1.651 

.065 

23.83 

78.29 

.32 

15.10 

55.64 

20 

.833 

.0328 

9.57 

87.86 

.26 

4.93 

60.57 

35 

.417 

.0164 

4.25 

92.11 

.23 

1.94 

62.51 

65 

.208 

.0082 

2.08 

94.19 

.32 

1.31 

63.82 

100 

.147 

.0058 

.98 

95.17 

.51 

.97 

64.79 

150 

.104 

.0041 

1.00 

96.23 

1.14 

2.40 

67.19 

200 

.074 

.0029 

.15 

96.38 

1.85 

.55 

67.74 

<200 

Toti 

.074 
J  or  average. 

.0029 

3.62 

100.00 

4.50 

32.26 

100.00 

100.00 

.50 

100.00 

C.    DEWATERED  TAILING  FROM  ROUGHER  JIG. 

3 

6.680 

0.263 

7.20 

7.20 

0.51 

9.69 

9.69 

6 

3.327 

.131 

50.49 

57.69 

.36 

42.30 

51.99 

10 

L651 

.064 

27.81 

85.50 

.34 

25.04 

77.03 

20 

.833 

.0328 

8.72 

94.22 

.28 

6.46 

83.49 

35 

.417 

.0164 

2.84 

97.06 

.25 

L91 

86.40 

65 

.208 

.0082 

.98 

98.04 

.27 

.69 

86.09 

100 

.147 

.0058 

.41 

98.45 

.43 

.46 

86.55 

150 

.104 

.0041 

.39 

98.84 

.96 

.98 

87.53 

200 

.074 

.0029 

.07 

98.91 

1.90 

.35 

87.88 

<200 

Tote 

.074 
\\  or  average. 

.0029 

LOO 

100.00 

4.20 

12.12 

100.00 

100.00 

.38 

100.00 
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Table  18. — Results  of  screen  analyses  in  treatment  of  chatty  ore  over  rougher  jig. 

[Miami  district.) 
A.    FEED  TO  THE  ROUGHER  JIG. 


Screen. 

Weight 

Cumu- 

Zinc 

Percent^ 

Cumula- 

Size of 
mesh. 

Siieofopenixig. 

of  screen 
products. 

laUve 
weight. 

content 
by  assay. 

aeeof 
total  sine. 

tive  tine 
content. 

Mm. 

Incbes. 

Percent. 

Percent. 

Percent. 

Percent. 

3 

e.680 

0.263 

2.00 

2.00 

1.20 

1.21 

1.21 

6 

3.327 

.131 

26.20 

28.20 

1.25 

16.48 

17. 09 

10 

1.851 

.065 

21.26 

49.46 

1.32 

14.13 

31.82 

20 

.833 

.0828 

9.16 

58.62 

1.82 

&39 

40.21 

35 

.417 

.0164 

6.32 

64.94 

3.20 

10.17 

50.38 

65 

.208 

.0082 

6.78 

71.72 

4.00 

13.66 

64.04 

100 

.147 

.0058 

5.15 

76.87 

2.90 

7.52 

71.56 

150 

.104 

.0041 

6.05 

82.92 

2.65 

ao7 

79.63 

200 

.074 

.0029 

4.65 

87.57 

2.67 

6.24 

85.87 

<200 
Tot« 

.074 
A  or  average. 

.0029 

12.43 

100.00 

2.25 

14.13 

loaoo 

100.00 

1.99 

100.00 

B.    TAILING  FROM  ROUGHER  SIQ  BEFORE  PASSING  DEWATERING  SCREEN. 


3 

6.680 

0.263 

1.91 

1.91 

0.75 

1.65 

1.65 

6 

3.327 

.131 

48.43 

50.34 

.75 

41.76 

43.41 

10 

1.651 

.065 

21.87 

72.21 

.85 

21.43 

64.84 

20 

.833 

.(»28 

5.92 

78.13 

.90 

6.15 

70.99 

35 

.417 

.0164 

2.67 

80.80 

.90 

2.75 

73,74 

65 

.206 

.0062 

2.20 

83.00 

.85 

2.20 

75.94 

100 

.147 

.0058 

2.10 

85.10 

.75 

'  1.78 

77:70 

150 

.104 

.0041 

2.67 

87.77 

.80 

2.42 

80.12 

200 

.074 

.0029 

2.20 

80.97 

1.25 

3.18 

81.30 

<200 
Totd 

.074 
il  or  average. 

.0029 

10.03 

100.00 

1.45 

16.70 

100.00 

100.00 

.87 

loaoo 

C.    DE WATERED  TAILING  FROM  ROUGHER  JIG. 

3 

6.6S0 

0.263 

1.14 

1.14 

0.75 

1.05 

1.05 

6 

3.327 

.131 

55.48 

56.62 

.75 

50.93 

51.96 

10 

L651 

.065 

26.60 

83.22 

.85 

27.70 

79.68 

20 

.833 

.0328 

8.39 

91.61 

.85 

8.71 

88.39 

35 

.417 

.0164 

1.61 

93.22 

.95 

L88 

90.25 

65 

.208 

.0082 

.90 

94.12 

.80 

.87 

91.12 

100 

.147 

.0058 

.81 

94.93 

.75 

•     .75 

91.87 

150 

.104 

.0041 

.81 

95.74 

.95 

.93 

92.80 

200 

.074 

.0029 

.47 

96.21 

1.20 

.70 

03.50 

<200 
Tote 

.074 
il  or  average. 

.0029 

3.79 

100.00 

L40 

6.50 

100.00 

100.00 

.82 

100.00 

Part  A  of  Table  17  shows  that  3.28  per  cent  of  the  feed  (crushed 
sheet-ground  ore)  to  the  rougher  jig  consisted  of  material  finer  than 
200-mesh;  its  zinc  content  was  5.77  per  cent,  which  represented  16.S1 
per  cent  of  the  total  zinc  in  the  feed.  Part  B  of  Table  17,  which  rep- 
resents the  screen  analysis  of  the  tailing  before  it  was  dewatered,  shor> 
that  the  assay  value  of  the  material  finer  than  200-mesh  was  4.50  per 
cent  zinc.  The  percentage  of  material  finer  than  200-me8h  in  the 
tailing  was  3.62,  which  represented  32.26  per  cent  of  the  total  zinc  in 
the  tailing.  The  screen  analysis  of  the  dewatered  tailing,  part  C  of 
Table  17,  showed  that  there  was  still  1.09  per  cent  of  the  material  finer 
than  200-me8h  contained  in  the  tailing,  with  an  assay  value  of  4.20 
per  cent  of  zinc,  representing  12.12  per  cent  of  the  total  zinc  con- 
tained in  the  dewatered  tailing  that  was  discarded. 
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DB6LIMING  AT  HEAD  OF  ROUOHER  JIQB  ADVISABLE. 

It  is  reasonable  to  believe,  from  these  figures  alone,  that  <lesliming 
at  the  head  of  the  rougher  jig  would  be  advisable.  As  the  results  in 
Table  17  show  the  necessity  of  deshniing  at  the  head  of  the  rougher 
jig  when  asheet^round  ore  is  treated,  the  results  in  Table  18  show  a 
much  greater  proportion  of  slimes  in  the  feed  to  the  rougher  when  the 
ore  is  ^'chatty''  or  more  or  less  disseminated  and  is  ground  finer. 

However,  the  importance  of  desUming  is  more  strongly  emphasized 
by  the  fact  that  the  dewatering  screens  as  used  at  the  end  of  the  jigs 
in*  this  district  are,  as  a  rule,  not  very  efficient,  so  that  fine  mineral  is 
lost  in  the  jig  tailing.  To  show  this  more  fully,  the  screening  efficiency 
of  the  dewatering  screens  used  at  the  end  of  the  two  rougher  jigs  under 
discussion  was  determined.  It  should  be  stated  that  the  main  ob- 
ject of  the  dewatering  screens  in  this  district  is  not  only  to  eUminate 
the  water  from  the  taihng,  but  also  to  coUect  as  much  as  possible  of 
the  fines  from  the  taihng  overflow  for  further  treatment  on  tables. 

Example  1. — Efpictbncy  op  Dewatering  Screen  with  1.5-mh.  Openings,  at 
End  op  Rougher  Jig  Treating  Sheet-Ground  Ore. 

Feed,  Overslxe, 

Product,  sUe  of  opening.  per  cent.        per  cent. 

Over  1.6  mm 80.1  87.5 

Through  1.5  mm 19. 9  12. 5 

100.0  100.0 

Weight  of  undersize  in  the  oversize^ — qj  k     =11.44. 

Screening  efficiency  .Weight  of  undwrize  paering  through  ecregn^ 

Total  weight  of  undersize  in  feed  to  screen 

(19.9>-11.44)X100    ^„„ 

■^ 199    =42.51  per  cent. 

The  efficiency  of  a  dewatering  screen  with  1.5-mm.  openings  used 
at  the  end  of  a  rougher  jig  treating  a  chatty  ore  of  the  Miami  district 
showed  that  52.47  per  cent  of  the  undersize  in  the  feed  to  the  screen 
was  screened  through  the  1.5-mni.  openings.  In  this  mill  the  dewater- 
ing  screen  used  ^  an  ordinary  flat  shaking  screen,  instead  of  the 
usual  revolving  trommel.     The  screening  efficiency  was  as  foDows: 

Example  2. — Efficibncy  of  Fiat  Dewatering  Screen  in  Mill  Treating  Chatty 

Ore. 

Peed,  Oversiw, 

Product,  size  of  opening.  per  cent.        per  cent . 

Over  1.5  mm 73.7  85.5 

Through  1.5  mm 26. 3  14. 5 

100.0  100.0 

Weight  of  imdendze  in  the  overBize= — '  ,  ,  '  =12.5. 

Screening  efficiency  „Wei^t  of  iindetaize  paaeing  through  Bcreen^ 

Total  weight  of  undersize  m  feed  to  screen 

(26.3~12.5)X100     „^^ 

^ — — 26  3~^ =52.47  per  cent. 
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To  show  more  fully  the  screeiuDg  efficiencies  of  dewatering  screens 
in  various  mills,  two  more  examples  are  given. 

EXA.XFLB   3. — EpnaENCT   OF   Dewatering   Screen   in  Mill  TRXATtNO  Hari>- 

Ground  Ore  other  than  Sheet-Grounb. 

[Feed  to  rougher  jig  crushed  to  ^  inch.] 

Feed,  Oyeniie, 

Product,  siM  of  opening.  poroent.       poreent. 

Over  1 .5  nun 81. 6  91. 0 

Through  1.5  mm 18. 4  9. 0 

100.0  100.0 

81  6X9 
Weight  of  undersize  in  the  overBiaie=— j^=-^=8.07. 

Screening  efficiency  ^^e^^t  of  undersize  paasing  through  ecreen^ 

Total  weight  of  undersize  in  feed  to  screen 

(18.4-8.07)X100    «^o.^       * 
^ jg-j^ =65.2  per  cent. 

EZAMFLB    4. — ErPICIENCT    OF    Ds WATERING    SCREBN    IN    MiLL    TREATING    ShEET- 

Ground  Ore. 
[Feed  to  rougher  jig  crushed  to  i  inch.] 

Feed,  OTerrixOi 

Product,  size  of  opening.  per  cent.        per  cent. 

Over  2  mm 63. 8  64. 8 

Through  2  mm 36. 2  15. 2 

100.0  100.0 

Weight  of  undersize  in  the  oversize™ — OAft     ^bIIAS. 

Screening  efficiency  ^Weight  of  undersize  paaing  through  screen^ 

Total  weight  of  undersize  in  feed  to  screen 

(36.2-11.43)X100    ^^^ 
36  2  =68.37  per  cent. 

The  average  efficiency  of  dewatering  screens  in  the  mills  of  the 
Joplin  district  can  he  given  as  40  to  60  per  cent.  The  results  in  exam- 
ple 4  show  the  highest  screening  efficiency  obtained  from  a  number  of 
dewatering  screens  tested.  The  screen  consisted  of  a  5-foot  trommel 
running  at  a  speed  of  IJ  revolutions  per  minute.  This  relatively 
higher  efficiency  was  attained,  however,  only  after  careful  adjust- 
ment of  the  feed.  As  the  efficiency  of  the  trommel  or  the  quantity 
of  undersize  passing  through  the  openings  depends  on  the  flow  of 
water  used  with  the  tailing  feed  to  force  the  undersize  through,  it  is 
essential  that  the  taihng  flow  strike  the  trommel  in  such  a  way  that 
most  of  the  water  wUl  pass  through  the  openings.  In  a  few  mills  it 
was  noticed  that  the  Une  of  flow  was  more  or  less  tangent  to  the 
surface  of  the  revolving  screen  so  that  a  large  part  of  the  water  and 
fines  had  no  chance  to  pass  through  the  openings. 

In  some  mills  no  dewatering  screens  are  used,  but  a  rectangular  bo.x 
is  added  to  the  end  of  the  jig.  From  the  bottom  of  this  box  the  coarse 
tailing  is  discharged  through  a  spigot  while  the  fines  and  water  are 
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allowed  to  overflow  at  the  top.  In  a  few  miUs  water  is  discharged 
under  pressure  into  the  box  to  cause  as  much  fines  and  slimes  as  possi- 
ble to  overflow  with  the  water,  thus  eliminating  them  from  the  spigot 
discharge,  but  with  rather  imsatisf  actory  results  on  the  whole. 

Another  point  in  favor  of  desliming  at  the  head  of  the  rougher  jig 
is  that  the  greater  the  content  of  slimes  in  the  feed  the  more  will  the 
valuable  or  fine  mineral  particles  be  forced  over  the  jig  by  the  flow  of 
top  water,  especially  as  the  quailtity  of  water  added  to  any  cell  of 
the  jig  increases  the  top  water  of  each  succeeding  celL  Also,  better 
work  can  be  done  with  the  jig  by  having  clear  top  water,  which  is 
another  reason,  when  the  material  is  not  graded  or  sized,  why  the  feed 
to  the  rougher  should  be  deslimed.  However,  desliming  the  jig  feed 
would  not  necessarily  mean  eliminating  the  dewatering  screen  at  the 
end  of  the  rougher  jig. 

SUaGESTED  METHODS  OF  DESLIHINO  AHEAD  OF  ROUGHER  JIG. 

Several  ways  of  desliming  at  the  head  of  the  rougher  jig  could  be 
followed.  A  simple  and  cheap  device  would  be  a  V-box  with  one  or 
two  discharge  spigots  iittached  to  the  bottom,  the  overflow  of  fines 
and  slimes  at  the  top  beii^  assisted  by  water  under  hydraulic  pres- 
sure. A  somewhat  more  efficient  means  would  be  the  use  of  a  trom- 
mel screen  with  1)  or  2  mm.  openings,  although  the  upkeep  would 
he  higher.  The  feed  would  discharge  into  one  end  of  the  tronmiel  on 
the  inside,  the  imdersize  working  through  the  openings  in  the  usual 
way.  This  method  has  proved  satisfactory  in  the  desliming  and  re- 
treatment  of  tailings. 

Another  effective  method  of  desliming  at  the  head  of  rougher  jigs 
would  be  the  use  of  a  large  size  classifier  similar  to  the  Akins.  The 
Akins  is  mentioned  here  as  it  is  simple  and  would  not  require  any 
extensive  changes  in  the  arrangement  of  the  mill  as  far  as  headroom 
ifi  concerned  nor  loss  in  drop  from  the  ''dirt"  or  feed  tronmiel  to  the 
rougher  jig.  The  cost  of  this  desliming  screen  would  be  about  SI, 000 
installed. 

The  Woodbury  deslintiing  jig  might  be  used  to  good  advantage. 
This  jig  would  deslime  the  feed  and  also  eliminate  a  lai^e  proportion 
of  the  lead  mineral,  thus  permittii^  the  rougher  jig  to  do  more  efficient 
work  on  the  remaining  zinc  ore.  Such  a  jig  would  increase  the  effi- 
ciency of  the  roughing  system,  but  the  first  cost  would  be  higher 
than  for  any  of  the  other  devices  mentioned,  and  in  most  mills  more 
headroom  would  be  needed  and  the  feed  trommels  and  feed  elevators 
would  have  to  be  rearranged. 

DB8UMIN0  AT  SECOND  OR  THIRD  CELL  OF  ROUGHER  JIG. 

Instead  oi  desliming  at  the  head  of  the  rougher  jig  a  means  has  been 
devised  for  desliming  the  material  after  it  has  reached  the  second  or 
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Figure  10.— Device  used  for  desliming  top  water  on  Jlgy.  a, 
Baflle;  6,  top  water  and  slimes  to  settling  tanls;  c,  phmger 
cells;  tf,  partition  between  cells. 


third  cell  of  the  jig  (see  fig.  10).  A  wooden  baffle  is  fastened  to  th 
ends  of  two  strips  of  wood,  the  opposite  ends  of  which  are  pivoted  t 
the  inner  sides  of  a  jig  cell.  This  baffle  is  placed  at  right  angle 
to  the  flow  and  adjusted  to  move  up  and  down  with  the  pulsatin 
action  of  the  plungers  while  resting  on  top  of  the  bed,  the  water  am 
slimes  being  l^moved  just  before  they  flow  over  the  partition  betweei 
the  cells.  The  slimes  and  top  water  are  diverted  off  the  bed  at  th 
plunger  side  of  the  jig  and  by  means  of  a  launder  conveyed  to  settlinj 
tanks;  the  gangue  and  remaining  ore  pass  under  the  baffle  into  tb 
next  cell.    Not  only  is  a  large  proportion  of  slimes  and  excessivi 

top  water  removed  by  hav 
ing  these  baffles  at  one  oi 
more  cells,  but  the  speed  ol 
the  surface  currents  or  top 
water  is  reduced,  thus  pro- 
viding a  steadier  dischai^e 
with  less  disturbance  of  the 
bed  at  the  head  of  each  suc- 
ceeding cell.  Such  bafi9e<, 
in  the  few  mills  where  then- 
use  has  been  observed  by 
the  writer,  eliminate  sufficient  slimes  from  the  top  water  to  give  pra^ 
tically  clear  water  in  the  last  cell  of  the  jig. 

RETREATINO  RBCRU6HED  CHATS  OVER  SEPARATE  JIGS  AKD  TABLES. 

The  chats  from  the  rougher  jig  are  recrushed  and  treated  over  a 
chat  jig  orretumed  to  the  rougher  jig.  If  treated  over  a  chat  or  sarnl 
jig,  the  crushed  material  is  usually  cleaned  on  the  jig  direct,  withoui 
a  preliminary  roughing.  It  would  seem  advisable,  where  the  quan- 
tity of  chats  produced  from  both  the  rougher  and  cleaner  jigs  Iv 
relatively  large,  to  treat  the  recrushed  chats  over  a  rougher  chat  jig 
and  the  roughed  product  over  a  cleaner  chat  jig.  If  only  a  moderate 
quantity  of  chats  were  produced,  they  could  be  crushed  to  a  corui/i 
size,  about  one-eighth  to  three-sixteenths  inch,  and  then  treaU^d 
over  a  rougher  chat  jig.  The  enriched  product  obtained  could  !>** 
given  a  final  treatment  over  the  main  cleaner  jig,  and  thus  a  cleaner 
chat  jig  would  not  be  needed.  The  middling  or  chats  from  tk 
rougher  chat  jig  could  be  either  returned  to  the  chat  rolls  and 
retreated  over  the  chat  jig  or  sent  to  sand  rolls  and  treated  on 
tables. 

Another  method  of  treating  the  chats  from  rougher  and  cleaner 
jigs  would  be  to  crush  to  table  size,  give  the  crushed  material  a  pre- 
liminary treatment  on  roughing  tables  to  eliminate  much  of  the 
waste  sand,  and  nm  the  product  over  the  usual  sand  tables. 

One  of  the  chief  reasons  for  treating  the  chats  separately,  and  noi 
returning  them  to  the  rougher  jig  feed,  is  that  the  recrushed  chatfi 
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13  an  enriched  product,  assaying  4  to  8  per  cent  zinc,  whereas  the  feed 
io  the  rougher  jig  assays  only  about  1.5  to  3  per  cent  zinc.  A  higher 
recovery  is  possible  with  a  richer  feed  than  with  a  leaner  one;  hence 
a  gi eater  percentage  of  the  zinc  in  the  relatively  richer  chats  could 
be  saved  by  treating  them  separately  than  by  returning  them  to 
the  rougher  jig  feed  and  mixing  them  with  the  relatively  much  lower 
feed.  Screen  analyses  and  assays  showing  the  differences  in  zinc 
content  of  chats  from  both  rougher  and  cleaner  jigs  as  compared  to 
the  feed  to  the  rougher  jigs  are  shown  in  Table  19  following. 

Tablb  19. — Results  of  screen  wnalyses  offeed%  and  products  of  Tougher  and  cUaner  jigs. 

FEED  TO  ROUGHER  JIG  NO.  1. 


Screon. 

Weight 

Cumu- 

Zinc 

Percent- 

Cumula- 

Size of  opening. 

of  screen 

lative 

content 

age  of 
total  zinc. 

tive  zinc 

Size  or 
mesh. 

products. 

weight. 

by  assay. 

content. 

Inches. 

Percent. 

Percent. 

Percent. 

Per  cent. 

3 

6.680 

0.263 

12.16 

1.24 

4.8 

0 

3.327 

.131 

33.71 

45.87 

1.96 

20.9 

25.7 

10 

1.651 

.065 

17.65 

63.52 

2.84 

15.85 

41.56 

20 

.833 

.032S 

12.01 

75.53 

3.25 

12.4 

53.96 

35 

.417 

.0164 

10.55 

86.06 

4.02 

13.4 

67.35 

65 

.208 

.0082 

5.67 

91.75 

6.55 

11.75 

79.10 

100 

.147 

.0058 

2.25 

94.00 

10.15 

7.2 

86.30 

150 

.104 

.0041 

.60 

94.60 

10.00 

1.9 

88.20 

200 

.074 

.0029 

2.37 

96.97 

8.10 

0.1 

94.30 

<200 

Toti 

.074 
A  or  avenge 

.0029 

3.03 

100.00 

5.93 

5.7 

100.00 

100.00 

3.16 

loaoo 

FEED  TO   ROUGHER  JIG  NO.  2. 


3 
6 

6.680 
3.327 

0.263 
.131 

15.73 
34.fiO 

1.08 
1.76 

6.8 
24.4 

50.23 

31.2 

10 

1.651 

.065 

19.44 

69.67 

2.12 

16.5 

47.7 

20 

.833 

.0328 

10.00 

79.67 

2.58 

10.3 

58.0 

35 

.417 

.0164 

8.  IS 

87.85 

3.2S 

10.7 

68.7 

65 

.206 

.0082 

4.56 

92.41 

5.58 

10.2 

78.9 

100 

.147 

.0068 

1.98 

94.39 

7.66 

6.1 

85.0 

150 

.104 

.0041 

1.17 

95.56 

8.71 

4.1 

89.1 

200 

.074 

.0029 

2.03 

97.59 

6.96 

5.7 

94.8 

<200 

.074 

.0029 

2.41 

100.00 

5.38 

5.2 

100.0 

Totfrl  AT  RVMTAffn 

100.00 

2.47 

100.00 

CHATS  FROM  ROUGHER  JIG  NO.  1. 


3 
6 

6.680 
3.327 

0.263 
.131 

7.79 
27.27 

4.00 
7.36 

7.37 
47.41 

35.06 

64.78 

10 

1.651 

.065 

27.18 

62.24 

3.45 

22.18 

76.96 

20 

.833 

.0328 

12.42 

74.66 

1.85 

5.44 

82.40 

35 

.4i7 

.0164 

15.24 

89.90 

1.40 

5.06 

87.45 

65 

.206 

.0082 

5.97 

95.87 

2.35 

3.32 

90.77 

100 

.147 

.0058 

1.60 

97.47 

6.30 

2.39 

93.16 

150 

.104 

.0041 

.66 

98.03 

11.40 

1.52 

94.68 

200 

.074 

.0029 

.46 

98.49 

12.45 

1.27 

95.95 

<20O 

Toll 

.074 
J  or  average 

.0029 

1.51 

100.00 

11.30 

4.05 

100.00 

100.00 

4.23 

100.00 
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Table  19. — ResuUa  of  screen  analyses  of  feeds  and  products  of  rougher  and  cUanerjigi- 

Oontinued. 


CHATS  FROM  ROUGHER  JIG  NO.  2. 


Screen. 

Weight 

Cumu- 

Zinc 

Percent- 

Cumula- 

Siie of  opening. 

of  screen 

lative 

content 

age  of 

tive  sine ; 

Sixeor 
mesh. 

pioducts. 

weight. 

by  assay. 

total  zinc. 

content,  i 

Mm. 

Inches. 

Percent, 

Percent. 

Percent, 

Per  cent. 

3 
6 

6.680* 
3.327 

0.263 
.131 

5.98 
16.82 

1.19 
2.25 

2.8 
15.2 

22.80 

18.0 

10 

1.651 

.065 

29.15 

51,95 

2.85 

33.4 

51.4 

20 

.833 

.0328 

23.09 

75.04 

1.91 

17.8 

69.2 

35 

.417 

.0164 

15.85 

90.89 

1.60 

10.2 

79.4 

65 

.208 

.0082 

5.95 

96.84 

2.37 

5.7 

85.1 

100 

.147 

.0058 

1.34 

98.18 

9.21 

5.0 

90.1 

150 

.104 

.0041 

.13 

98.31 

9.50 

.5 

90.6 

200 

.074 

.0029 

.75 

99.06 

17.40 

5.3 

95.9 

<200 
Tc 

.074 
>tal  or  averaf 

.0029 
[e 

.94 

100.00 

10.80 

4.1 

100.0 

100.00 

2.48 

100.00 

CHATS  FROM  CLEANER  JIG. 


SPIGOT  TAILING  FROM  CLEANER  JIG. 


TOTAL  CHATS  FROM  JIGS. 


6 
10 

3.327 
L651 

0.131 
.065 

8.82 
19.45 

28.80 
10.45 

19.98 
15.99 

28.27 

35.97 

20 

.833 

.0328 

20.38 

48.65 

7.70 

12.35 

48.32 

35 

.417 

.0164 

27.41 

76.06 

10.05 

21.67 

09.99 

65 

.206 

.0082 

17.05 

93.11 

12.80 

17.17 

87.16 

100 

.147 

.0058 

4.18 

97.29 

23.00 

7.57 

94.73 

150 

.104 

.0041 

.41 

97.70 

96.50 

.86 

95.50 

200 

.074 

.0029 

1.34 

99.04 

27.45 

2.89 

96.48 

<200 
Tc 

.074 
>tal  or  averaf 

.0029 

[6 

.96 

100.00 

20.10 

1.52 

100.00 

100.00 

12.71 

100.00 

»^* ••.•••.-•• 

6 
10 

3.327 
L651 

0.131 
.065 

1.62 
14.70 

12.40 
7.83 

2.0 
11.3 

16.32 

13.3 

20 

.833 

.0328 

2L84 

38.16 

6.75 

14.5 

27.8 

35 

.417 

.0164 

37.85 

76.01 

7.30 

29.45 

57.25 

65 

.208 

.0082 

16.63 

92.64 

14.05 

23.0 

80.25 

100 

.147 

.0058 

4.39 

97.03 

29.10 

12.55 

92.80 

150 

.104 

.0041 

.69 

97.72 

28.80 

1.05 

94.75 

200 

.074 

.0029 

L40 

99.12 

27.30 

3.75 

98.50 

<200 

T( 

.074 
>tal  or  averai 

.0029 
^ 

.88 

100.00 

17.40 

1.5 

100.00 

100.00 

10. 15 

100.00 

3 
6 

6.680 
3.327 

0.263 
.131 

4.47 
15.89 

3.82 
6.45 

3.0 
18.2 

20.36 

2L2 

10 

1.651 

.065 

24.74 

45.10 

5.05 

22.2 

43.4 

20 

.833 

.0328 

20.64 

65.74 

3.30 

12.1 

55.5 

35 

.417 

.0164 

22.10 

87.84 

4.75 

18.7 

74.2 

65 

.206 

.0082 

8.16 

96.00 

8.50 

12.3 

86.5 

100 

.147 

.0058 

2.02 

96.02 

22.60 

8.1 

94.6 

ISO 

.104 

.0041 

.40 

98.42 

19.80 

1.4 

96.0 

200 

.074 

.0029 

.77 

99.19 

16.40 

2.3 

98.3 

<200 
T( 

.074 
>tal  or  averai 

.0029 
;e 

.81 

100.00- 

11.80 

1.7 

100.0 

100.00 

5.63 

100.0 

All  of  the  screen  analyses  and  assays  in  Table  19  are  on  feeds  and 
products  from  the  pame  mill.  The  tailing  from  the  cleaner  jig  ^ 
included  in  the  total  chats  from  all  the  jigs. 
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Other  points  in  favor  of  treating  the  leomshed  chats  over  chat 
jigs  is  that  returning  them  to  the  rougher  jig  would  (1)  increase  the 
quaDlity  of  fines  end  slimes  in  the  feed  to  that  jig,  end  (2)  when  the 
quantity  of  chats  is  relatively  laige,  reduce  its  capacity  to  a  certain 
extent,  and  (3)  increase  the  chance  foi  loss  in  the  finest  sizes.  This 
abo  brings  out  the  advisability  of  desliming  at  the  bead  of  the 
rougher  jig,  the  reasons  for  which  have  already  been  given. 

CLEANER  JI08. 

The  efficiency  of  cleaner  jigs  used  in  the  mills  of  this  district 
varied  from  75  to  85  per  cent.  At  the  end  of  the  jig  there  is  usually 
a  dewatering  box  similar  to  the  kind  used  at  the  end  of  rougher  jigs 
where  dewatering  screens  are  not  used.  The  tailing  is  discharged 
from  the  box  through  a  spigot  and  the  overflow  passes  out  into 
settling  tanks.  The  tailing  is  seldom  discarded,  being  usually 
reground  for  further  treatment. 

SUGGESTIONS  FOR   IMPROVEMENT  OF    JIGGING  PRACTICE. 

Based  on  the  preceding  data  the  chief  suggestions  o£Fered  for  jigging 
practice  in  the  mills  of  the  Joplin  district  are  as  follows:  (1)  De- 
sliming at  the  head  of  the  rougher  jigs;  (2)  reducing  the  quantity  of 
unnecessary  top  water  on  the  rougher  jigs;  and  (3)  retreating  re- 
crushed  chats  over  separate  chat  jigs  or  tables  by  the  use  of  a  roughing 
and  cleaning  sjrstem. 

Another  suggestion  that  might  be  added  is  the  use  of  two  or  more 
rougher  jigs  iii  mills  treating  200  tons  or  more  in  10  hours.  In  many 
of  the  mills  visited,  the  addition  of  a  second  rougher  jig  would  seem 
advisable  to  prevent  the  crowding  caused  by  forcing  the  entire  feed 
over  one  rougher  jig  and  thus  reducing  its  efiRciency,  to  permit  a 
better  separation  of  the  mineral  from  the  gangue,  and  to  have  a 
relatively  larger  capacity  available  whenever  it  should  be  found 
necessary.  Also,  by  having  two  rougher  jigs  the  quantity  of  water 
used  per  ton  of  ore  and  the  effective  action  of  the  jig  could  be  more 
readily  controlled. 

coircEirTEATioir  of  fiite  hatekiai. 

During  the  past  few  years  there  has  been  a  marked  improvement 
in  the  treatment  of  the  finer  material  of  the  lead  and  zinc  ores  in 
this  district.  A  few  years  ago  tables  were  seldom  used,  but  now 
nearly  every  rnill  contains  3  to  10  tables,  and  in  a  few  of  the  more 
recent  mills  20  or  more  tables  are  used.  The  small  number  of  tables 
generally  used  is  due  to  the  small  tonnage  of  ore  treated,  the  capacity 
of  the  plants  ranging  from  100  to  500  tons  in  10  hours,  and  the  attempt 
to  nunimize  the  quantity  of  fine  material.  The  aim  in  the  following 
34503^— l^—Bull,  154 6 
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pages  is  to  emphasize  the  more  important  factors  necessary  to  good 
table  practice  and  to  show  possibilities  of  improving  the  average 
practice  in  the  district. 

OUTLINE  OF  PRACmCE  IN  THB  TBBATHBNT  OF  FINE  MATBBXAX. 

The  feed  to  the  table  section,  locally  known  as  the  '* sludge"  sec- 
tion, of  any  mill  in  this  district  comes  chiefly  from  the  dewatering 
screens  and  overflow  waters  from  dewatering  boxes  at  the  end  of  jigs. 
In  a  few  mills  a  large  proportion  of  the  finer  sands  and  slimes  is 
eliminated  from  the  feed  to  the  jigs,  being  diverted  by  launders  to 
the  settling  tanks.  The  type  of  settling  tank  commonly  used  is 
rectangular,  about  12  feet  wide,  20  to  25  feet  long,  2  to  3  feet  deep 
at  one  end,  and  6  to  8  feet  deep  at  the  other  end,  with  the  bottom 
sloping  toward  one  comer  of  the  tank.  In  most  mills  the  material 
is  fed  into  the  settling  tank  at  the  deep  and  overflows  at  the  shallow 
end,  although  at  a  few  plants  the  feed  enters  the  shallow  and  over- 
flows at  the  deep  end.  Some  operators  are  now  using  double  tanks  in 
which  the  overflow  at  the  shallow  end  of  the  first  tank  flows  into  the 
shallow  end  of  a  second  similar  tank,  which  is  placed  parallel  to  the 
first  tank,  and  discharges  at  the  deep  end  of  the  second  tank.  The 
double-tank  system  gives  the  material  a  double  settling  and  a  rough 
classification  of  coarse  and  fine  sands.  When  the  settling  tanks,  or 
first  tank  where  the  double-tank  system  is  used,  has  become  about 
two-thirds  full  of  sand,  the  flow  or  feed  is  diverted  into  another  tank 
or  set  of  tanks,  while  the  material  in  the  filled  tank  is  discharged  to 
the  table  section  of  the  mill. 

Recently  Dorr  thickeners  have  been  installed  at  several  mills;  in 
general  their  purpose  has  been  chiefly  to  settle  and  thicken  slimes, 
although  at  a  few  mills  they  have  been  used  for  treating  the  coarser 
sands  in  order  to  give  a  more  uniform  feed  to  the  tables. 

At  most  mills  the  feed  to  the  settling  tanks  enters  a  V-box  with  a 
continuous  discharge,  thus  eUminaling  much  of  the  coarser  sand  from 
the  feed  overflowing  at  the  top  of  the  box  into  the  settling  tank,  and 
incidentally  increasing  somewhat  the  settling  capacity  of  the  lai^e 
tanks. 

The  material  discharged  from  both  the  V-box  and  the  settling  tank 
is  raised  by  an  elevator  and  discharged  onto  a  trommel.  The  imder- 
sizefrom  the  trommel  passes  through  classifiers  and  thence  to  tables: 
the  oversize  is  either  discarded  as  waste  or  crushed  by  rolls  and 
returned  to  the  trommel  in  closed  circuit. 

FINE  SCBEENINO. 

Trommels  are  most  cominonly  used  for  screening  in  the  table  sec- 
tion of  the  mills.  In  a  few  mills,  however,  a  local  type  of  flat  screen 
known  as  the  Henry  screen  is  usedr 
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USE   OF   TROMMEL   SCREENS. 

The  efficiency  of  trommels  for  screening  fine  material  depends  on 
the  sajne  conditions  that  were  given  for  coarse  screening.  In  gen- 
eral the  fine  tronmiel  screens  are  less  efficient  than  the  coarser  screens, 
hecause  the  openings  have  more  of  a  tendency  to  blind  and  the  finer 
feed  particles  tend  to  cling  together  in  smalls  balls  on  the  screen  as 
soon  as  they  becomes  more  or  less  dewatered.  The  efficiency  of 
trommels  for  screening  the  fines  from  certain  products  in  the  table 
sections  of  mills  throughout  the  district  varies  considerably,  as  was 
found  from  a  number  of  tests.  Two  examples  are  given  to  show  both 
poor  and  good  results. 

Test  1. — Screening  Efficiency  of  Trommel  with  1-mm.  Openings;  Size,  48X72 
Inches;  Speed,  14  Revolutions  per  Minute;  Slope,  IJ  Inches  per  Foot. 

Trommel  feed.    Trommel  oversiie. 

Oversize  on  l-mm.  screen,  per  cent 16. 1         28. 8 

Underaize  through  l-mm.  screen,  per  cent 83. 9         71. 2 


100. 0       100. 0 


„.  •  .        *       J     .        16.1X71.2    „^„ 
Weight  of  underBize= — Sgg — =39.8 


•pffi'  Weight  of  underaize  going  through  the  screen  _ 

Total  weight  of  underaize  in  feed  to  screen  "~ 

(83.9-39.8)X100 

gg-g =52.56  per  cent. 

Teat  2. — Screening  Effictency  op  Trommel  with  1-mm.  Openings;  Size,  48X72 
Inches;  Speed,  16  Revolutions  per  Minute;  Slope,  IJ  Inches  per  Foot. 

Trommel  feed.    Trommel  overske. 

Oversize  on  l-mm.  screen,  per  cent 28. 5         63.  7 

TJndersize  on  l-mm.  screen,  per  cent 71. 5         36. 3 


100. 0        100. 0 

_,     .        28.5X36.3    ,^  , 
Weight  of  imderBaze= — ^-j — =16.4. 


.         _Weight  of  undersize  passing  through 
J!imciency—  jq^j  weight  of  undersize  in  feed  to 

^' — - — =T-Y^ =77.0  per  cent. 


screen 
screen 


The  results  in  the  first  example  show  that  the  rate  of  speed  of  the 
trommel  was  somewhat  slow  and  that  the  slope  was  not  siij£cient  for 
the  speed.  It  was  noticed  while  the  trommel  was  running  that  the 
feed  bedded  thickly  on  the  screen,  preventing  a  certain  proportion 
of  the  undersize  material  from  working  through  the  openings.  Later 
this  thick  bedding  was  largely  remedied  by  increasing  the  speed  to 
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about  17  revolutions  per  minute  and  the  slope  to  1^  inches  per  foot. 
These  changes  also  increased  the  screening  efficiency  of  the  trommel. 
In  mills  where  the  oversize  from  sand  trommels  is  discarded  as 
tailing,  screen  analyses  of  this  oversize  should  be  made  and  the  vari- 
ous screen  product  assayed  to  determine  in  what  sizes  the  mineral 
values  are  and  what  portion  is  possibly  worth  saving.  The  distribu- 
tion of  zinc  in  an  oversize  from  a  sand  trommel  is  shown  by  the 
screen  analysis  and  assays  in  Table  20  following: 

Table  20. — Results  of  screen  analysis  and  assays  of  oversize  from  sand  tromnuL 


Screen. 

Wel^t 
of screen 
products. 

Cuma- 

Utive 

wei^t. 

Zinc  content. 

size  of 
iTieah. 

Size  of  openings. 

By  assay. 

U^^L  centageoC 
r*"*"^  total  sine 

Mm. 

Inches. 

20 

36 

65 

100 

150 

200 

<200 

To 

0.833 
.417 
.206 
.147 
.104 
.074 
.074 

a\  or  average 

0.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

Percent. 

45.06 

40.87 

9.26 

2.36 

.22 

1.07 

1.16 

percent. 

'*"85.'9S" 
05.19 
97.55 
97.77 
98.84 
100.00 

Percent. 
1.70 
.75 
1.55 
4.85 
4.85 
5.15 
6.65 

62.0 
20.8 
9.75 
7.75 
.75 
8.75 
5.20 

72.8 
82.55 
90.30 
91.05 
M.80 
100.00 

i 

100.00 

1.47 

100.00 

The  results  show  that  the  zinc  content  of  the  oversize  was  1.47 
per  cent  zinc.  The  oversize  on  the  20-mesh  screen  assayed  1.70  per 
cent  zinc,  whereas  the  material  between  20  and  35  mesh  assayed  only 
0.75  per  cent  zinc.  This  indicates  that  the  larger  zinc  content  in  the 
material  coarser  than  20  mesh  was  probably  due  to  the  presence  of 
particles  containing  included  zinc  mineral,  or  chats,  that  would  have 
to  be  reground  before  further  treatment.  With  all  material  coarser 
than  35  mesh  eliminated  from  consideration,  let  the  value  of  that 
passing  the  35-mesh  screen  be  considered.  The  calculated  zinc  content 
of  this  undersize  is  2.92  per  cent,  or  practically  double  that  of  the  total 
oversize.  For  example,  assume  that  5  tons  of  this  undersize  can  be 
screened  from  the  oversize  each  day.  With  an  assay  value  of  2.92 
per  cent  zinc,  this  quantity  would  contain  0.146  ton  of  zinc,  or,  in 
terms  of  50  per  cent  zinc  concentrates,  0.292  ton.  For  every  6  tons 
of  this  material  treated  on  tables,  with  a  65  per  cent  zinc  recovery, 
practically  0.19  ton  of  50  per  cent  zinc  concentrate  would  be  saved. 
At  $50  a  ton  for  this  product  the  value  of  the  quantity  saved  each 
day  would  be  $9.50.  This  calculation  is  simply  to  show  how  a  profita- 
ble, although  small,  saving  can  be  effected  by  more  efficient  screening. 
In  this  mill,  however,  the  writer  beUeves  that  it  would  have  paid  to 
regrind  the  entire  oversize  and  treat  it  over  the  tables  with  the  main 
table  feed. 
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THE   HENRY    SCREEN. 

The  Henry  screen  is  shown  in  figure  11.  The  main  frame  carries 
the  mechanism  that  transmits  movement  to  the  screen.  Within  the 
frame  is  a  hopper-shaped  tank,  with  ample  pitch  to  prevent  the  fine 
material  adhering  to  the  sides.  The  driving  shaft  carries  two  eccen- 
trics. One  of  these  connects  directly  to  the  screen  carrier  and  imparts 
to  the  screen  a  f  orward-and-backward  movement.  The  second  eccen- 
tric leads  the  first  90^,  and  by  means  of  arms  gives  the  screen  an  up- 
and-down  movement.  The  mean  of  these  two  movements  combined 
is  a  rising  forward  movement  during  one-half  of  the  revolution  of 
the  shaft  and  a  downward  backward  movement  during  the  other 
half  of  the  revolution.  The  material  is  fed  into  the  rear  end  of  the 
screen.  The  resulting  action  of  the  screen  from  each  revolution  tends 
to  carry  the  oversize  to  the  forward  end,  where  it  is  discharged;  the 
undersize  passes  through  the  screen  into  the  tank  or  hutch,  where  it 
is  drawn  off  at  the  bottom  by  means  of  a  spigot  plug. 

The  water  that  carries  the  pulp  to  the  screen  passes  through  the 
screen  into  the  tank,  where  its  level  is  maintained,  by  means  of  an 
adjustable  gate,  at  a  point  below  the  level  of  the  screen  when  it  is  at 
midstroke.  The  blades  supporting  the  screen  are  securely  joined  to 
both  sides  of  the  screen  carrier. 

These  blades  are  so  shaped  that  during  the  downward  backward 
movement  of  the  screen  carrier  they  dip  into  the  water  and  force  it 
up  against  the  screen  with  a  pulsating  effect,  thus  cleaning  the  open- 
ings of  the  screen  and  assisting  the  forward  movement  of  the  over- 
size particles.  As  the  screen  lifts  forward  from  the  water  it  washes 
the  fines  through  the  openings  and  cleans  the  coarse  sand  of  adhering 
particles. 

CLASSIFICATION  OF  FINES. 

In  the  general  practice  throughout  the  district,  the  undersize  from 
the  sand  trommel  passes  into  classifiers,  usually  of  the  ordinary 
V-box  type  with  water  under  hydrauUc  pressure  passing  up  througb 
the  sorting  colunm,  and  discharges  onto  the  tables.  The  writer 
believes  that  separation  of  the  slimes  from  the  sands  before  classifi- 
cation would  be  a  decided  advantage,  both  in  increasing  the  efficiency 
of  the  classifiers  and  ui  decreasing  the  losses  in  slimes.  For  desliming, 
one  of  the  well-known  types  of  desliming  classifiers,  such  as  the  Dorr, 
the  Akins,  or  the  Federal-Eisperanza  or  some  similar  type  of  drag 
classifier  could  be  used.  Both  the  Dorr  and  the  Akins  have  been 
tried  in  some  of  the  larger  mills  with  satisfactory  results,  and  it  is 
beUeved  that  any  of  the  types  of  deslimers  mentioned  would  greatly 
increase  the  efficiency  of  the  table  section  of  any  miU.  Not  only 
would  a  better  classification  of  the  feeds  to  the  various  tables  be 
obtained,  but  the  proportion  of  water  to  soUds  could  be  more  readily 
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regulated  for  the  proper  thickness  of  pulp  desired  for  each  table.  Also 
by  eliminating  the  larger  proportion  of  the  slimes  from  the  material 
fed  to  classifiers  these  can  be  more  easily  adjusted.  The  pulp  which 
could  go  direct  to  some  settling  tank  for  thickening,  if  necessary, 
would  be  much  thicker  than  when  it  passes  over  the  various  classifiers 
and  becomes  diluted  with  water  from  each  classifier  so  as  to  require 
a  greater  ratio  of  thickening  before  treatment  on  subsequent  slime 
tables  or  by  flotation. 


FiQUBE  12,— V-type  classifiers. 


TYPES   OF   CLASSIFIERS   USED. 

As  stated  previously,  the  usual  type  of  classifier  used  is  a  series  of 
V-boxes  with  hydraulic  flow,  placed  in  consecutive  order  above  each 
table,  the  overflow  from  one  box  flowing  through  a  launder  to  the  next 
box.  The  hydrauhc  water  enters  each  box  at  a  point  near  the  bottom. 
DiflFerent  methods  of  feeding  water  and  pulp  are  shown  in  figure  12.  In 
type  A,  figure  12,  the  pulp  is  fed  into  the  classifier  at  a.  The  relatively 
coarser  and  heavier  particles  drop  into  the  sorting  column,  through 
the  current  of  water  rising  from  pipe  e,  and  pass  through  the  discharge 
pipe  d  onto  the  table.  The  lighter  particles  pass  under  the  baffle  c 
and  overflow  at  6,  passing  through  the  launder  to  the  next  classifier. 
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The  baffle  e  is  placed  at  right  angles  to  the  flow  of  the  feed  to  retard 
the  speed  of  the  flowing  current.    Most  of  the  classifiets  of  the 
V-hox  type  used  in  the 
mills  have  baffles. 

Type  B,  figure  12,  is  the 
same  as  type  A,  except 
that  a  wooden  block  c, 
shaped  like  the  frustum  of 
a  pyramid,  is  placed  in 
inverted  position  at  the 
head  of  the  sorting  column, 
the  four  sides  being  parallel 
with  and  equidistant  fmm 
the  sloping  sides  of  the 
classifier.  The  pulp,  as  it 
drops  down  through  the 
narrow  passage  thus  form- 
ed, meets  the  rising  current 
of  water  from  the  pipe  e; 
hence  all  the  particles  dis- 
chai^ed  through  d  must 
pass  through  this  upward 
flow.  The  block  c  is  fas- 
tened to  a  vertical  shaft 
that  can  be  raised  or  low- 
ered, thus  varying  the 
width  of  the  aperture.  The 
aperture,  measured  at  nght 
angles  to  the  sides,  is  usu- 
ally i  inch  to  1  inch  wide, 
depending  on  the  size  of  the 
material  passing  into  tlie 
classifier. 

In  C,  figure  12,  the  water 
is  forced  in  through  a  ver- 
tical pipe  e  from  the  top, 
and  not  through  a  horizon- 
tal pipe  from  the  side,  as  iu 
the  first  two  classifiers  de- 
scribed. As  the  water  di3- 
chai^es  under  pressure  at 
the  lower  end  of  the  verti- 
cal pipe  e  it  strikes  against 
a  horizontal  disk  or  plate  c  of  the  same  shape  as  the  cross  section  ol 
the  sorting  column,  and  consequently  tends  to  rebound  up  througb 
the  sorting  column  against  the  downward  flow  of  the  pulp.     This  disk 
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or  plate  is  so  placed  that  its  edges  are  equidistant  from  the  sides  of 
the  sorting  colunui;  forming  an  opening  ^  to  }  inch  wide.  The 
particles  pass  through  this  aperture  and  dischai^e  at  d. 

The  classifier  represented  in  D,  fiigure  12,  is  fomid  in  only  a  few  of 
the  mills.  The  vertical  pipe  e  terminates  in  a  bell  that  is  closed  at 
the  end  and  has  around  the  sides  small  circular  openings,  about 
one-fourth  inch  in  diameter,  through  which  the  water  passes.  The 
action  of  the  water  is  about  the  same  as  in  classifier  C,  except  that 
the  flow,  is  divided  by  the  circular  openings  into  small  streams.  This 
type  of  classifier  is  said  to  give  good  results. 

Classifiers  of  the  Richards- Janney  type  are  found  in  a  few  mills; 
also,  a  local  machine  known  as  the  Bird  classifier.  A  self-explanatory 
sketch  of  this  classifier  is  given  in  figure  13.  The  vertical  J-inch  air 
pipes,  Ij  2jSj  and  4,  extend  into  the  different  parts  of  the  classifier  to 
prevent  any  disturbance  resulting  from  the  formation  of  air  bubbles 
as  the  pulp  and  water  rise  through  the  classifier,  the  air  passing  out 
through  these  pipes. 

RESULTS  OF  SCBEEK  TESTS  OF  CLASSIFIEB   PRODUCTS. 

The  results  of  screen  tests  of  feed  products  to  tables  from  classifiers 
of  the  V-box  type  are  shown  in  Table  21,  following.  The  classifiers  all 
used  hydraulic  flow,  except  classifiers  8  and  9.  Launders  connected 
the  nine  classifiers,  and  each  classifier  delivered  to  a  separate  table. 
The  dimensions  of  each  classifier  and  the  size  of  the  spigot-discharge 
opening  are  given  in  Table  22. 

Table  21. — Results  of  screen  tests  of  spigot  products  from  nine  classifiers  fed  to  tables. 


Sixeof 
mesh. 

Feed  to  classifiers. 

Underflow  from 
classifier  1. 

Underflow  from 
classifier  2. 

Underflow  from 
classifier  3. 

Weight. 

Comola- 

tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

On  20 

35 

65 

100 

150 

,^          300 

Through  200 

Total.... 

Percent. 

0.36 

15.03 

32.14 

18.98 

18.71 

6.53 

8.27 

Percent. 
0.36 
15.39 
47.53 
66.51 
85.22 
91.74 
100.01 

Percent. 

0.79 

25.85 

38.49 

15.75 

10.78 

3.60 

4.72 

Percent. 
0.79 
26.64 
65.13 
80.88 
91.66 
95.26 
99.98 

Percent. 

0.73 

21.49 

42.99 

15.67 

11.27 

3.59 

4.25 

PerceTU. 
0.73 
22.22 
65.21 
80.33 
92.15 
95.74 
99.99 

Percent. 

Percent. 

16.12 
40.26 
18.24 
14.29 
4.95 
6.13 

16.12 
56.38 
74.62 
88.91 
93.86 

W.  Vv 

100.01 

W.  vO 

av.aO 

99.99 

Size  of 
mesh. 

Underflow  from 
classifier  4. 

Underflow  from 
classifiers. 

Underflow  from 
classifier  6. 

Underflow  from 
classifier  7. 

Weight. 

Cumula- 
tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

Weight. 

Cumula- 
tive 
weight. 

Onao 

35 
65 

100 
150 

aoo 

Through  ano 
Total.-.. 

Percent. 

Percent. 

Perceru. 

Percent. 

Percent 

Percent. 

Percent. 

Percent. 

9.32 

35.41 

21.46 

18.26 

7.58 

7.95 

9.32 
14.73 
66.19 
84.44 
92.02 
99.97 

3.17 
25.60 
36.96 
24.62 
10.00 

9.63 

3.17 
28.77 
65.73 
80.35 
90.35 
99.98 

0.60 
11.24 
26.17 
34.18 
13.36 
14.42 

0.60 
11.93 
38.10 
72.28 
85.64 
100.06 

0.23 
6.35 
16.41 
33.84 
16.55 
27.61 

0.23 
5.58 
21.99 
55.83 
72.38 
99. 99 

09.97 

99.98 

100.06 

99.99 
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Table  21. — Results  of  screen  tests  of  spigot  products  from  nine  classifiers  fed  to  tahUs- 

ContiDued. 


SizeofmMh. 

Underflow  from 
classifier  8. 

Underflow  from 
classifier  9. 

Overflow  from 
classifier  0. 

Weight. 

Cumolative 
weight. 

Weight. 

i 

Cumulative 
weight. 

Weight. 

Onmulatlve 
weight. 

On  20 

35 

65 

100 

ISO 

200 

Through  200 

Total.,.. 

Pereent. 

Percent. 

Pereent. 

Pereent. 

Percent. 

Per  cent. 

0.10 

1.33 

7.34 

24.75 

21.90 

44.57 

0.10 

1.43 

8.77 

33.52 

55.42 

99.90 

3.81 
0.14 
4.52 
4.38 
2.07 
84.17 

3.81 

3.95 

8.47 

12.85 

15.82 

99.99 

1.04 

4.78 

26.95 

20.31 

46.91 

1.04 

5.82 

32.77 

53.06 

vV.  av 

99. 99 

• 

W.  JBri 

Table  22. — Sizes  of  the  nine  classifiers. 


Diameter 

Classifier 
number. 

Size  of  top 
(square). 

Depth. 

ofspigotr 
discharge 
opening. 

Iwhet. 

/ndbei. 

JnAet. 

1 

16  by  16 

24 

1 

2 

21  by  21 

26 

3 

22  by  22 

80 

4 

28  by  28 

36 

5 

30  by  SO 

46 

6 

35  by  35 

46 

7 

41  by  41 

54 

8 

48  by  48 

54 

9 

45  by  45 

54 

TABLE  PBAOTICB. 
ESSENTIAL  FACTORS   IN   TABLE   PRACTICE. 

FOUNDATIONB. 

In  ordinary  practice  the  deck  of  a  table  has  a  speed  of  200  to  300 
strokes  a  minute.  The  table  surface  should  be  free  from  vibrations 
that  make  ripples  in  the  water  and  in  the  table  feed,  for  these  cause 
losses.  Hence  the  table  should  have  a  firm  foundation.  The  best 
support  is  a  solid  concrete  foundation  extending  the  entire  length. 
In  the  Joplin  district  a  concrete  pier  under  the  head  and  another 
under  the  opposite  end  of  the  table  have  proved  satisfactory.  These 
piers  have  wide  bases.  A  concrete  pier  under  the  head  only  k 
usually  not  firm  enough,  and  a  table  bolted  directly  to  the  floor  of 
the  mill  is  bound  to  vibrate.  For  best  results,  the  table  supports 
must  be  rigid  and  securely  bolted  to  a  firm  foimdation,  free  from 
the  floor  of  the  mill,  unless  the  floor  is  of  concrete. 

HEAD  MOTION. 

The  head  motion  advances  the  ore  or  pulp  along  the  deck  of  the 
table,  the  speed,  or  number  of  strokes  per  minute,  being  detennined 
by  the  length  of  stroke  and  the  size  of  material  treated.  Kesulti? 
obtained  with  various  tables  in  the  district  indicated  that  the  best 
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speed  for  classified  material  passing  a  li-mm.  screen  was  220  to  240 
strokes  a  minute  with  a  1-inch  to  |-inch  stroke  for  the  coarser  sands, 
240  to  260  strokes  a  minute  with  a  |-inch  to  f-inch  stroke  for  inter- 
mediate sizes,  and  260  to  300  strokes  a  minute  with  a  f-inch  to 
^-inch  stroke  for  the  finer  sizes.  The  effectiveness  of  these  speeds 
and  lengths  of  stroke,  however,  depends  on  the  slope  of  the  table, 
the  amount  of  wash  water  used,  the  quantity  of  feed,  and  the  char- 
acter of  the  ore  treated. 

PEED  TO  TABLES. 

Perhaps  the  most  important  factor  in  successful  table  concentra- 
tion is  uniform  feed.  If  the  feed  is  uniform  and  continuous,  the  lines 
of  separation  vary  less,  and  the  quantity  of  wash  water  and  the  slope 
of  the  table  can  be  much  more  easily  regulated.  To  insure  a  uniform 
feed,  the  material  fed  must  be  well  classified.  In  the  mills  of  the 
Joplin  district  sands  or  fine  materials  are  usually  classified  in  simple 
V-shaped  boxes,  with  or  without  baffles,  a  column  of  water  underpres- 
sure passing  through  the  discharge  end  or  sorting  column.  The  over- 
flow passes  over  a  launder,  which  has  a  slight  slope,  to  the  next  box, 
the  depth  of  the  boxes  increasing  with  the  fineness  of  the  material. 
The  proper  thickness  of  pulp  or  the  quantity  of  water  in  the  feed  to 
a  table,  especially  for  the  finer  sizes,  must  be  determined  by  the  mill 
foreman. 

SLOPE   OP  TABLES  AND  QUANTITY  OP  WASH  WATER. 

The  quantity  of  wash  water  and  the  slope  given  to  a  table  should 
be  regulated  according  the  quantity  and  size  of  the  feed.  Coarse  sand 
requires  more  wash  water  than  a  fine  pulp.  Tilting  of  the  table  is 
used  more  especially  for  adjusting  the  line  of  separation  when  the 
feed  varies.  The  function  of  the  wash  water  is  to  clean  the  con- 
centrate before  it  leaves  the  table. 

PRODUCTS  FROU  TABLES. 

As  the  specific  gravity  of  galena  (7.4  to  7.6)  and  of  zinc  blende  (3.9 
to  4.1)  is  decidedly  higher  than  that  of  flint(2.65),  separating  the  lead 
and  zinc  minerals  from  the  flint  in  the  coarse  and  intermediate  size 
sands  by  treatment  on  tables  is  not  difficult,  but  effecting  such  sepa- 
ration when  the  pulp  consists  mostly  of  slimes  or  material  passing  a 
2(K)-mesh  screen  is  not  so  easy.  The  iron  sulphide,  which  is  usually 
marcasite  (specific  gravity  4.85  to  4.9),  is  difficult  to  separate  from 
the  zinc  blende  in  either  coarse  or  fine  feeds,  because  the  difference  in 
speci&c  gravity  of  the  two  miaerals  is  small. 

A  clean  lead  concentrate  and  a  clean  zinc  concentrate  are  usually 
made,  the  intermediate  mixed  lead,  iron,  and  zinc  concentrate,  known 
as  the  "return/'  being  returned  in  most  mills  to  the  original  table  feed. 

The  middling  is  the  product  between  the  concentrate  and  the  tail- 
ing.   Although  there  are  exceptions,  the  usual  practice  in  the  Joplin 
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mills  is  to  return  the  middlings  from  the  tables  to  the  original  table 
feed  without  regrinding. 

The  lead  and  zinc  content  of  the  tailings  depends  on  the  richness 
of  the  feed  to  the  table,  the  classification  and  uniformit^y  of  the  feed, 
the  action  of  the  table,  and  the  size  of  the  material.  As  a  rale,  the 
finer  the  material  treated,  the  higher  will  be  the  assay  value  of  the 
tailing. 

The  personal  attention  given  to  tables  is  an  important  factor  in 
obtaining  ahigh  recovery.  Tables  are  by  no  means  ''.fool  proof"  and 
are  very  sensitive  to  variations  of  feed. 

BES0LTS   OF   TABLE   TESTS. 

Results  of  several  table  tests  in  various  mills  are  given  to  show  the 
character  of  the  table  practice  in  the  district.  The  variations  in  zinc 
recovery  are  partly  caused  by  the  factors  already  enumerated.  In 
all  of  the  tables  the  zinc  content  is  given  in  terms  of  metallic  zinc. 

Table  23  shows  that  when  the  ore  fed  to  tables  is  more  or  less 
''chatty,''  the  zinc  mineral  not  having  been  entirely  liberated  from 
the  gangue  by  crushing,  the  percentc^e  of  recovery  is  lower  than 
when  the  ore  is  "free" — ^that  is,  when  the  zinc  mineral  breaks  cleanly 
from  the  gangue  when  crushed  to  table  size.  It  is  believed  that  the 
percentage  of  recovery  from  this  chatty  ore  could  be  raised  by 
regrinding  the  middlings  from  the  tables,  a  point  that  is  brought 
out  more  fully  on  a  subsequent  page. 

Table  23. — Results  of  tests  of  table  sections  in  vcaious  mills. 


Zinc 

Test  No. 

Number 
of  tables 
in  opera- 
tion. 

Zinc 

content  of 

feed  to 

tables. 

content  of 
concen- 
trates 
produced 
from 
tables. 

Zinc 

content  of 

tailings 

from 

tables. 

Percent- 
age of 
tine  re- 
covered. 

Character  of 
ore  treated. 

Percent. 

Percent. 

Percent. 

1 

1 

6.35 

58.0 

3.75 

43.8 

Chatty. 

2 

1 

4.90 

59.2 

1.50 

71.2 

Free. 

3 

2 

2.95 

55.6 

1.35 

55.5 

Chatty. 

4 

2 

4.85 

57.4 

1.70 

67.0 

Do. 

5 

2 

4.70 

57.0 

1.55 

09.0 

Do. 

6 

2 

3.12 

54.5 

1.00 

69.1 

Do. 

7 

2 

4.30 

56.2 

1.35 

70.2 

Do. 

8 

2 

5.65 

67.1 

1.62 

73.5 

Free. 

9 

2 

7.75 

57.2 

2.25 

73.9 

Do. 

10 

3 

3.75 

52.8 

1.20 

60.5 

Chatty. 

U 

3 

6.75 

54.6 

1.55 

79.4 

Free. 

12 

4 

4.65 

42.0 

1.30 

74.3 

Chatty. 

13 

6 

3.95 

59.3 

1.19 

71.3 

Free. 

14 

7 

4.65 

55.0 

1.42 

71.8 

Chatty. 

15 

9 

5.25 

52.1 

1.00 

82.5 

Chatty-lreo. 

16 

10 

4.90 

57.5 

1.01 

80.8 

Do. 

BFFBCr  OF  8PEXD  AND  LBNOTH  OF  0TBOKB. 

The  best  speed  and  length  of  stroke  for  a  table  must  be  determined 
by  the  mill  foreman;  they  will  depend  on  the  character  of  the  feed. 


OBE-DRESSINQ  PBACTIGE. 
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To  show  the  e£Fect  of  wrong  speeds  and  wrong  lengths  of  stroke  the 
results  of  two  tests  axe  given  in  Table  24  following.  The  feed  passed 
a  If-mm.  screen. 

Table  24. — Results  of  tests  showing  wrong  speeds  and  lengths  of  stroke. 

Test  1.    Test  2. 

Speed  of  table,  strokes  per  minute 175      224 

Length  of  stroke,  inches 1 J         \ 

Zinc  content  of  feed,  i)er  cent 9. 25    7.  75 

Zinc  content  of  concentrates  produced,  per  cent 52. 2    57. 2 

Zinc  content  of  tailings,  i)er  cent 3. 05    3. 20 

Percentage  of  zinc  recovered 71. 3    62. 2 

The  percentages  of  zinc  recovery  in  Table  24  are  poorer  than  the 
results  indicate^  for  the  feed  was  considerably  richer  than  the  average 
feed  to  tables,  and  should  have  given,  in  both  tests,  much  higher 
recoveries  with  proper  operation.  In  test  1  the  speed  of  the  table 
was  too  slow  and  the  stroke  too  long  for  the  size  of  material  treated; 
in  test  2  the  stroke  was  too  short  for  the  speed  of  the  table  and  the 
size  of  material  treated. 


TESTS  OF  FEEDS  AND  PRODUCTS  FROM  SIX  TABLES  TREATINQ  ''FREE"  8HEET-K}R0UND 

ORE. 

In  order  to  determine  the  actual  efficiency  of  each  table  in  a  mill 
and  to  find  just  where  losses  are  taking  place,  it  is  necessary  to  make 
screen  analyses  of  the  feed  and  table  products.  To  show  the  impor- 
tance of  making  such  screen  analyses  a  few  results  are  given. 

Tables  25  and  26  show  the  results  of  treating  a  sheet-ground  ore 
over  six  tables,  and  Tables  27  and  28  of  treating  a  "chatty"  ore  over 
four  tables.  In  both  mills  the  middlings  and  mixed  "return"  con- 
centrate products  of  lead,  iron,  and  zinc  from  all  tables  were  returned 
to  the  original  table  feed  without  being  reground. 

Table  25. — Results  of  tests  toith  six  concentrating  tables  treating  *' sheet-ground**  ore. 


Size  of 
screen, 
mMh. 

Size  of  openings. 

Feed. 

Tailing. 

TkbleNo. 

Mm. 

Inch. 

Percent- 
age of 
weight. 

Zinc 

assay, 

per 

cent. 

Percent- 
age of 
total 
zinc  * 
content. 

Percent- 
age of 
wei^t 

ZMo 

assay, 

per 

cent. 

Percent- 
age of 

total 

slno 
content. 

Table  1    (speed,   280; 
l-inch  stroKe) 

20 

35 

65 

100 

1.50 

200 

<200 

0.833 
.417 
.208 
.147 
.104 
.074 
.074 

0.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

22.75 
38.55 
16.60 
10.65 
1.15 
10.30 

0.21 
.54 
2.52 
6.26 
7.87 
12.01 

1.85 

7.90 

14.60 

25.30 

3.45 

46.90 

30.80 

41.95 

12.35 

6.45 

1.20 

7.25 

0.20 
.26 
.72 
1.61 
2.31 
6.18 

7.36 
13.00 
10.60 
12.36 

3.30 
53.40 

Total  or  svensn . . 

100.00 

2.64 

100.00 

100.00 

.84 

100.00 
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Table  25. — R€9ult$  of  UsU  toith  six  concentrating  tables  treating  '^skeet-ground'^ 

Continued. 


Site  of 
screen, 
mesh. 

Sixe  of  openings. 

Feed. 

Tailii«. 

Table  Na 

Vwi. 

Tnnh. 

Percent- 
age of 
weight. 

Zinc 

assay, 

per 

cent. 

Percent- 
age of 
total 
sine 

content 

Percent- 
age of 
weight. 

Zine 
assay, 

per 

oent 

Percent- 
age of 
total 
sine 

oontenL 

Table   2    (speed,    200; 
I-lnch  stroke) 

20 

35 

65 

100 

150 

200 

<200 

0.417 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0062 
.0058 
.0041 
.0029 
.0029 

16.70 
41.20 
18.50 
11.55 
.75 
11.30 

0.21 
.67 
3.86 
6.73 
8.47 
12.66 

L13 

8.87 

16.96 

24.98 

2.10 

45.95 

19.7 
46.6 
11.8 
10.1 
1.3 
10.6 

a  13 
.24 
.46 
1.19 
1.61 
6.36 

i'eo 

11.30 
5.50 

12.10 
1.95 

6&55 

Total  or  avenuEe . . 

100.00  ,     3.11 

1 

100.00 

100.0 

.99 

loaoo 

Table   3   (speed,   240; 
i-lnch  stroke) 

20 

35 

65 

100 

150 

200 

<aoo 

0.417 
.208 

.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.0041 
.0029 
.0039 

6.75 

36.95 

27.00 

17.80 

1.80 

9.70 

0.23 

.39 

1.33 

5.96 

12.32 

15.49 

0.46 

4.36 

10.88 

32.19 

6.72 

45.39 

8.5 

88.5 

30.3 

13.9 

3.8 

6.0 

0.15 
.18 
.44 
1.49 
1.98 
4.57 

1.67 

9.18 

17.60 

25.44 

9.92 

36.19 

\  Total  or  avense . . 

100.00 

3.31 

100.00 

100.0 

.76 

100.00 

Table   4    (speed,    230; 
Wnch  stroke) 

35 

65 

100 

150 

200 

<200 

0.417 
.206 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0068 
.OOU 
.0039 
.0029 

0.25 
9.60 

88.70 
4.95 

46.50 

1.14 

.57 

1.36 

2.67 

11.38 

ao6 

.93 

8.79 

3.32 

88.03 

15.3 
44.45 

5.85 
34.50 

0.34 

.63 

1.12 

3.35 

3.32 
17.83 

4.  a 

74.62 

Total  or  avenun . . 

100.00 

6.9dP 

100.00 

100.00 

1.65 

loaoo 

Table   5    (speed,    300; 
i-Incli  stroke) 

65 

100 

150 

200 

<200 

0.206 
.147 
.104 
.074 
.074 

0.0082 
.0058 
.0041 
.0029 
.0039 

8.06 
29.85 

6.45 
55.65 

1.38 

3.13 

3.33 

10.56 

1.63 

9.39 

8.14 

85.94 

33.0 

9.7 

58.3 

a73 
1.12 
5.72 

6.35 

2.94 

90.71 

Total  or  averaee . . 

100.00 

6.84 

100.00 

100.0 

3.68 

loaoo 

Table   6    (jmeed,   300; 
i-inch  stroke) 

100 

150 

200 

<200 

0.147 
.104 
.074 
.074 

0.0068 
.0041 
.0029 
.0029 

5.5 

3.3 

91.2 

1.51 
6.94 

LOl 

.75 

98.34 

4.05 

3.70 

93.35 

0.60 

.62 

3.85 

a67 
9S.8S 

Total  or  averaee . . 

100.0 

6.48 

100.00 

100.00 

3.63 

100.00 

SUMMARY. 


Speed, 
strokes 

per 
minute. 

I^eneth 
stroke. 

Zinc 
content 
of  feed. 

Zinc 
content 
of  con- 
centrate. 

Zinc 
content 
of  tail- 
ing. 

PeicHit* 

ape  of 

fine 

recovery. 

Tabid 

260 
260 
240 
230 
300 
300 

/fidk. 

Percent. 
2.64 
3.11 
8.31 
5.95 
6.84 
6.48 

Percent. 
61.15 
59.69 
69.38 
57.10 
57.93 
56.68 

PereenL 
0.84 
.99 
.76 
1.55 
3.68 
3.63 

69.1 

Table  2 

69.3 

Tables 

7S.1 

Table  4 

78-1 

Tables 

49.3 

Table  6 

47.0 

Total 

3.95 

59.3 

1.19 

71.3 
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DISCUSSION  OF  RBSUI/rS  WITH   EACH  OF  THE   SIX  TABLBS. 

Concentrating  table  1  treated  the  coarsest  material;  its  feed  con- 
tained 2.64  per  cent  zinc.  The  screen  product  between  35  and  65 
mesh  represented  the  largest  proportion  of  material  treated^  or  38.55 
per  cent  of  the  feed,  and  contained  only  0.54  per  cent  zinc,  or  only  7.90 
per  cent  of  the  total  zinc  content  in  the  feed  to  the  table.  The  screen 
analysis  shows  that  10.3  per  cent  of  the  feed  passed  the  200-mesh 
screen,  which  indicates  poor  classification.  The  material  finer  than 
20O-me8h  contained  12.01  per  cent  zinc,  or  46.90  per  cent  of  the  total 
zinc  content  in  the  feed.  Evidently  a  considerable  proportion  of  the 
zinc  in  this  material  passed  into  the  tailings  because  the  table  was 
not  adjusted  for  treating  such  fine  material.  The  screen  product 
of  tailing  finer  than  200-mesh  assayed  6.18  per  cent  zinc,  and  repre- 
sented 53.40  per  cent  of  the  total  zinc  content  in  the  tailing.  The 
total  tailing  from  this  table  assayed  0.84  per  cent  zinc,  but  would 
have  contained  considerably  less  with  better  classification.  The 
percentage  of  zinc  recovered  from  this  table  was  69.1  per  cent,  which 
is  low  for  the  size  of  material  the  table  was  supposed  to  treat.  The 
feed  was  not  uniform  and  the  table  was  crowded  at  times. 

Poor  classification  of  the  feed  to  table  2  is  shown  by  the  percentage 
of  slimes  present.  The  largest  proportion  of  zinc  loss  in  the  tailing, 
or  66.55  per  cent,  was  in  the  material  passing  the  200-mesh  screen. 
The  feed  was  not  uniform. 

Table  3  shows,  relatively,  better  classification  and  a  consequently 
higher  zinc  recovery.  The  percentage  of  material  passing  the 
200-me8h  screen  was  9.70  per  cent,  or  relatively  much  less  than  for 
tables  1  and  2,  as  this  table  was  treating  the  material  from  the  third 
classifier.  The  recovery  from  the  finer  sizes  was  also  higher,  as 
indicated  by  the  diflFerences  in  assay  value  of  the  corresponding 
screen  products  between  the  feed  and  tailing. 

The  recovery  with  table  4  was  good,  especially  for  the  material 
passing  the  200-mesh  screen.  The  speed  of  the  table,  230  strokes 
per  minute,  was  too  slow  for  the  size  of  material  that  was  being 
treated. 

Tables  5  and  6  were  supposed  to  be  treating  slimes  or  material  finer 
than  200-mesh.  However,  table  5  was  receiving  a  feed  of  which 
44.35  per  cent  would  not  pass  the  200-mesh  screen,  and  table  6  was 
receiving  a  fairly  imiform  slime  of  which  91.2  per  cent  was  finer  than 
200-mesh.  The  respective  low  recoveries,  however,  were  due  rather 
to  too  much  water  in  the  feed  and  on  the  table  than  to  the  classifica- 
tion.   The  pulp  was  too  thin  for  efficient  work. 

COMPARISON  OF  RESULTS  WITH  THE  SIX  TABLBS. 

The  average  results  of  the  tests  given  in  Table  25  show  a  total  zinc 
recovery  of  71.3  per  cent  from  the  six  concentrating  tables.  This 
recovery  is  not  very  good,  considering  the  character  of  the  ore,  which 
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was  not  "chatty."  The  poorer  recoveries  with  the  fir^t  two  tables 
were  probably  due  chiefly  to  poor  classification,  although  the  speeds 
and  the  lengths  of  stroke  affected  the  quality  of  the  work. 


Speed, 
strokes 


Speeds  and  lengths  of  stroke  of  tables.  P^ 


ute. 

Table  1 260 

Table  2 260 

Table  3 240 

Table  4 230 


of 
strokes, 
inches. 


Table  5 
Table  6 


300 
300 


A  comparison  of  the  data  in  Table  25  shows  that  the  length  of 
stroke  decreased  as  the  size  of  material  decreased.  The  lengths  were 
approximately  correct^  but  the  speeds  decreased  in  the  same  direc- 
tion, which  is  contrary  to  good  practice.  If  the  speeds  on  the  first 
four  tables  had  been  230,  240,  250,  and  260  or  270  per  minute,  respec- 
tively, with  strokes  of  1  inch,  J  inch,  i  inch,  and  f  inch,  it  is  believed 
that  the  tables  would  have  shown  better  recoveries.  However,  the 
low  efficiency  of  the  first  two  tables  was  chiefly  caused  by  rather 
poor  classification  and  the  lack  of  imiform  feed. 

Although  the  results  may  not  show  high  recoveries,  they  indicate 
some  of  the  necessary  factors  of  good  table  practice;  thus,  (1)  tables  1 
and  2  gave  poor  recoveries  owing  to  poor  classification,  lack  of  uniform 
feed,  and  wrong  speeds;  (2)  tables  3  and  4  gave  better  results  because 
of  better  classification;  and  (3)  tables  5  and  6  gave  poor  results 
because  there  was  too  much  water  in  the  feed,  the  pulp  being  too  thin. 

The  screen  analysis  and  assays  of  the  total  tailings  from  the  six 
tables,  given  in  Table  26,  show  that  15.5  per  cent  of  the  tailings 
passed  the  200-mesh  screen,  and  this  part  assayed  5.07  per  cent  zinc, 
representing  65.78  per  cent  of  the  total  loss  in  the  tailings.  These 
figures  indicate  that  the  pulp  of  this  size  Gess  than  200-mesh)  should 
be  of  the  proper  thickness  when  treated  on  slime  tables  to  effect  the 
best  commercial  saving,  and  that  the  classification  should  be  such 
that  the  finer  sizes  of  material  are  found  on  the  tables  treating  fine 
material  and  not  on  the  tables  treating  the  coarse  sands. 

Table  26. — Results  of  analyses  of  total  tailings  from  all  six  tables. 


Size  of 
mesh. 

Size  of  openings. 

Percentage 
of  weight. 

Zinc  A.S!«y, 
per  cent. 

Percentage 
of  total 

zinc 
ooutent. 

Mm. 

Inches. 

20 

35 

65 

100 

150 

200 

<200 

Total  or 

0.833 
.417 
.208 
.147 
.104 
.074 
.074 

0.0328 
.0164 
.0OS2 
.0058 
.0041 
.0029 
.0029 

16.9 
32.7 
16.5 
15.50 
2.9 
1.5.5 

0.36 

.21 

.47 

.  w 

1.92 

6.07 

6.03 
5.74 
6.50 

12.80 
4.15 

65.78 

averaee 

100.0 

1.19 

100.00 

OBE-DBBSSING  PBACTICE. 
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TESTS  OP  FEEDS    AND  PRODUCTS  OF   FOUR  TABLES    TREATING   ''CHATTT^'   ORB  IN 

MIAMI  DISTRICT. 

In  Table  27  the  results  represent  the  treatment  of  a  "chatty"  ore 
on  four  concentrating  tables,  not  a  ''free"  ore  as  in  Table  25,  as  the 
zinc  mineral  was  not  entirely  liberated  from  the  gangue  before  treat- 
ment. This  ore  also  carried  much  lead  and  iron  sulphides  that  reduced 
the  grade  of  the  zinc  concentrates.  Moreover,  the  gangue  material 
was  entirely  different,  and  the  comparatively  low  zinc  assays  of  the 
finer  screen  products  were  probably  due  to  the  gangue  containing 
considerable  *'soapstone,"  which  seemed  to  break  into  very  fine  pieces 
that  mixed  with  the  finer  particles  of  ore. 


Table  27. — Results  of  tests  with  four  concentrating  tables  treating  **  chatty"  ore. 

[Miami  District.] 


Slseof 
screen, 
mesh. 

• 
Size  of  openings. 

Feed. 

Tailing. 

Table  No. 

MBU- 
meters. 

Inches. 

Percent- 
age of 
weight. 

Zino 

assay, 

per 

cent. 

Percent- 
age of 
total 
sine 

content. 

Percent- 
age of 
weight. 

Zino 

assay, 

per 

cent. 

-Peroent- 
ageof 

total 

zinc 
content. 

Table   1    (speed,    252; 
1-inch  stroke). 

10 

20 

35 

«5 

100 

150 

200 

<200 

1.651 
.833 
.417 
.20S 
.147 
.104 
.074 
.074 

0.065 
.0328 
.0164 
.0082 
.0058 
.0041 
.0020 
.0029 

14.5 
40.8 
24.1 
9.4 
5.3 
2.3 
3.6 

11.45 
13.25 
10.17 
6.67 
5.12 
4.70 
4.45 

15.5 
50.65 
22.9 
5.9 
2.5 
1.0 
1.55 

28.65 
49.5 
10.9 
3.3 
2.36 
1.5 
3.8 

1.75 
2.00 
.90 
.55 
.70 
.95 
2.35 

29.0 
57.3 
6.65 
1.05 
.95 
.85 
5.2 

Total  or  averaKe.. 

100.0 

10.65 

100.00 

100.00 

1.78 

100.00 

1 

Table  2   (speed,    236; 

10 

20 

35 

65 

100 

150 

200 

<200 

1.651 
.833 
.417 
.208 
.147 
.104 
.074 
.074 

0.065 
.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

IHncfa  stroke). 

0.5 
12.45 
45.50 
12.60 
15.35 
7.35 
6.25 

2.65 
3.45 
2.90 
8.25 
3.32 
4.00 
4.35 

0.4 
13.2 
40.65 
12.6 
15.7 
9.05 
8.4 

16.55 
40.10 
20.70 
12.25 
4.75 
5.65 

2.00 
.65 
.55 

.52 
1.22 
2.45 

34.3 
27.0 
11.8 
6.6 
6.0 
14.3 

Total  or  aTeran.. 

100.00 

3.25 

100.00 

100.00 

.96 

100.0 

Table   3   (speed,    245; 

20 

35 

65 

100 

150 

200 

<200 

0.833 
.417 
.208 
.147 
.104 
.074 
.074 

0.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

IHnch  stroke). 

1.3 
15.5 
33.0 
10.4 
13.4 
28.4 

2.05 
.95 
1.42 
1.85 
2.55 
3.65 

1.2 

6.9 

21.9 

9.0 

16.0 

45.0 

12.65 
17.35 
21.90 
21.20 
7.20 
19.70 

0.95 
.37 
.37 
.50 
.65 

2.15 

14.2 
7.65 
9.65 

12.60 
5.60 

50.30 

Total  or  average.. 

100.0 

2.14 

100.0 

100.00 

.84 

100.00 

Table   4   (speed,    245; 
1-ineh  stroke). 

35 

65 

100 

150 

200 

<200 

0.417 
.208 
.147 
.104 
.074 
.074 

0.0164 

.0082 
.0058 
.0041 
.0029 
.0029 

3.0 
21.6 
30.1 
23.2 
22.1 

0.40 
.75 
1.15 
2.45 
3.20 

0.7 

9.0 

19.2 

31.7 

39.4 

4.0 
29.6 
21.4 
15.6 
29.4 

0.30 
.40 
.40 
.70 

1.75 

1.4 
14.0 
10.2 
13.0 
61.4 

Total  or  average . . 

100.00 

1.80 

100.00 

100.0 

.84 

100.0 

34503°— 18— Bull,  15< 
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Table  27. — Results  of  tests  wi1hf<fur  concentrating  tdbles  testing  *'  chatty  "  ore— Oontxl. 

SUMMARY. 


Table. 

Speed, 
strokes 

minute. 

Length 
of  stroke. 

Zinc 

content 

of 

feed. 

Zino  con- 
tent of 
oonopn- 
trLtes. 

Zinc 

content 

of 
tailing. 

Percent- 
age of 
sine 
recovery. 

Table  1 

252 
236 
246 
245 

Inches. 

1 

Per  cent. 

10.65 

3.25 

2.14 

1.80 

Per  cent. 
40.86 
43.15 
43.74 
42.11 

Percent. 
1.73 

ST.i 

Table  2 

.96            72.0 

Tables 

.84             62.1 

Table  4 

.84             M.4 

or  average 

Total 

4.65 

42.00 

1.30              T4.3 

DISCUSSION   OF  RESULTS  WITH  EACH  TABLE. 

The  screen  analysis  of  the  feed  to  the  first  table  shows  a  better 
classification  than  for  the  feed  to  the  first  table  in  the  mill  treating 
"free''  ore.  The  assay  values  of  the  screen  products  are  higher  in 
the  coarser  sizes  of  material  than  in  the  finer,  probably  because  a 
large  quantity  of  middling  and  "return,"  the  latter  a  mixed  con- 
centrate of  lead,  iron,  and  zinc,  was  being  returned  to  the  feed. 
The  tailing  products  on  the  20  and  35  mesh  screens  from  this  table 
assayed  1.75  and  2.00  per  cent  zinc  respectively,  whereas  the  zinc  con- 
tent of  the  next  finer  screen  products  was  much  lower.  Evidently 
a  considerable  part  of  this  middling  needs  to  be  reground  before 
the  zinc  mineral  in  it  can  be  recovered  on  tables,  as  a  comparison 
of  the  35-mesh  screen  products  in  the  tailings  from  the  first  three 
tables,  with  the  total  tailings  from  all  tables,  will  show.  In  each 
test  the  zinc  content  of  the  material  coarser  than  35  mesh  is  con- 
siderably higher  than  that  of  the  screen  products  finer  than  35 
mesh,  except  in  the  material  that  passed  the  200-mesh  screen. 
Examination  of  this  size  material  with  a  magnifying  glass  gave 
additional  proof.  In  the  tailing  from  table  1  the  combined  products 
on  the  20  and  the  35  mesh  screens  contained  86.3  per  cent  of  the 
total  zinc  in  the  tailing,  and  a  much  lower  recovery  would  have 
residted  except  for  the  high  zinc  tenor  of  the  feed.  Because  of  this 
high  zinc  content,  and  with  fairly  good  classification,  table  1  showed 
a  zinc  recovery  of  87.5  per  cent. 

The  classification  of  the  feed  to  the  second  table  was  reasonably 
good  in  view  of  the  character  of  the  ore.  The  relatively  high  zinc 
content  in  the  coarsest  screen  product  of  the  tailing,  representing 
34.3  per  cent  of  the  total  loss  from  the  table,  shows  the  presence  of 
chatty  material,  and  indicates,  as  in  table  1,  the  necessity  of  regrind- 
ing  middlings  from  tables  treating  such  material.  The  length  of 
stroke  was  too  long  for  the  size  of  material  treated.  In  view  of  the 
low  zinc  content  of  the  feed  and  the  character  of  the  ore  the  per- 
centage of  recovery  was  fairly  good. 

The  low  percentage  of  recovery  with  the  third  table  resulted  from 
poor  QkasificatLoni  aa  shown  by  the  proportion  of  slimesi  26«4  per 
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cent,  in  the  feed  to  this  table.  Most  of  the  loss  in  the  taifing  was  in 
the  material  passing  the  200-mesh  screen,  which  represented  50.3 
per  cent  of  the  total  zinc  in  the  tailing.  The  length  of  stroke  was 
too  long  for  the  size  of  material  treated. 

As  the  feed  to  the  fourth  table  assayed  1.80  per  cent  zinc,  a  rela* 
tively  high  recovery  was  not  possible.  The  classification  of  the  feed 
was  not  of  the  best.  If  the  classification  of  the  feed  to  table  3  had 
been  snch  that  a  considerable  part  of  the  material  passing  the  200- 
mesh  screen  had  gone  to  table  4,  the  writer  beUeves  that  better  work 
would  have  been  done  by  both  tables.  StiU  better  results  would 
have  followed  treating  the  slimes  on  slime  tables  with  a  proper 
thickness  of  pidp.  Also,  the  length  of  stroke  of  this  table  was  too 
long  and  the  speed  too  slow  for  the  size  of  material  treated. 

COMPARISON  OF  RESULTS  WITH  THE  FOUR  TABLES. 

The  chief  points  brought  out  in  the  results  just  described  are  (1) 
the  necessity  of  regrinding  middlings,  (2)  the  necessity  of  good 
classification  of  feeds,  and  (3)  the  use  of  speeds  and  lengths  of  stroke 
best  suited  to  the  material  treated.  As  these  points  are  essential  to 
good  table  practice,  more  attention  should  be  paid  to  them  by  the 
operators  or  mill  foremen. 

The  total  percentage  of  zinc  recovery  made  from  the  four  tables, 
74.3,  was  fairly  good  considering  the  character  of  the  ore.  The  con- 
centrates produced  contained  only  42.0  per  cent  zinc,  but  were 
retreated  over  separate  tables  later. 

Although  the  relatively  poor  work  of  each  table  was  due  mostly 
to  improper  classification,  wrong  speeds  and  lengths  of  stroke,  as 
shown  by  Table  27,  contributed  to  the  low  recoveries. 

The  screen  analysis  of  the  total  tailings  from  all  four  tables,  pre- 
sented in  Table  28,  shows  that  the  screen  products  on  the  20  and  35 
mesh  screens  contained  1.59  and  1.90  per  cent  zinc,  respectively,  and 
that  the  combined  zinc  content  of  these  two  products  represented 
53.25  per  cent  of  the  total  zinc  contained  in  the  tailings,  and  39.0 
per  cent  of  the  total  material  discarded  as  tailings. 

Table  28. — Results  of  analyses  of  total  tailings  from  all  four  tables. 


Bin  of 
scrceHf 
mwh. 

Sue  of  openings. 

Percent- 
age of 
weight. 

Zinc  assays 
percent. 

Percent- 
age of 
total  slno 
content. 

Mm. 

Inches. 

10 

20 

35 

66 

100 

IfiO 

200 

<200 

1.051 
.833 

.417 
.206 
.147 
.104 
.074 
.074 

a065 
.0328 
.0104 
.0082 
.0058 
.0041 
.0029 
.0029 

10.2 
28.8 
18.2 
12.3 
8.6 
5.6 
15.3 

1.50 
1.90 
.80 
.53 
.50 
.80 
1.90 

11.15 

42.1 

11.15 

5.15 

4.8 

3.85 

22.30 

Total  or 

Average 

100.0 

1.30 

100.00 
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If  the  table  section  of  the  mill  is  assumed  to  have  produced  100 
tons  of  tailings  a  day,  the  two  screen  products  on  20  and  35  mesh 
screens  would  have  yielded  39  tons  of  tailings  assaying  1.82  per  cent 
zinc,  the  calculated  assay  value  of  the  two  combined  products.  As 
this  1.82  per  cent  represents  metallic  zinc,  it  would  figure  3.64  per  cent 
in  terms  of  50  per  cent  zinc  concentrates.  The  quantity  of  50  per 
cent  zinc  concentrates  contained  in  the  39  tons  of  tailings  would  be 
1.419  tons.  If  this  material  had  been  regroimd  and  treated  over  sep- 
arate tables,  a  60  per  cent  recovery  should  have  been  possible,  or  a 
saving  of  0.851  ton  of  concentrate.  If  only  25  tons  of  tailings  was 
produced  from  the  tables  there  would  have  been  a  saving  of  0.213  ton 
from  these  25  tons,  and  if  50  tons  had  been  treated,  a  saving  of  0.425 
ton.  This  simple  example,  one  of  several  that  might  be  figured  out, 
shows  that  a  few  changes  in  the  flow  sheet  of  a  mill  may  pay  for 
themselves  within  a  short  time. 

TESTS  WITH  10  TABLES  TRBAIINa  FAIRLY  '^FBEE  MILLINO''   OBS. 

In  Table  29  are  the  results  obtained  from  the  table  section  of  a  mill 
treating  an  ore  of  a  fairly  free  character  over  10  concentrating  tables. 
The  overflow  from  the  last  classifier,  consisting  mostly  of  slimes,  was 
returned  to  the  settling  tanks.  Since  the  tests  were  made,  however, 
one  Dorr  thickener  and  four  additional  tables  have  been  added  to  take 
care  of  the  slimes  overflowing  from  the  settling  tanks  and  classifiers 
in  the  mill. 

Table  29. — Remilts  of  testa  with  10  concentrating  tables  treating  rather  free  miUing  ore. 


Size  of 
screen, 
mesh. 

Size  of  openings. 

Feed. 

Tailing. 

Table  No. 

MllU- 
metecs. 

Inchee. 

Percent- 
age of 
weight. 

Zino 

assay, 

per 

cent. 

Peroent- 

ageof 

total 

slno 

content. 

Percent- 
age of 
wS^t. 

Zino 

assay, 

per 

cent. 

Peneotr 

age  of 

totsl 

line 

OQIlMat 

Table  1  (speed  239;  1- 
in<di  stroke). 

10 

20 

S5 

65 

100 

150 

200 

<200 

Le5l 
.833 
.417 
.20A 
.147 
.104 
.074 
.074 

aoo6 

.0328 
.0154 
.0082 
.0058 
.0041 
.0020 
.002d 

a40 

.87 

44.18 

85.06 

10,47 

1.41 

5.13 

2.48 

0.08 

.72 

LOS 

4.86 

13.87 

16.68 

12.00 

11.58 

aio 

.15 

0.90 

35.25 

30.05 

4.9 

13.7 

5.95 

ass 

52.86 

33.68 

4.37 

.85 

.92 

6.75 

a41 
.26 
.52 
L75 
2.22 
8.30 
6.49 

ai 

15.6 
19i96 

8.7 

3.45 
49LS 

Total  or  avenge.. 

loaoo 

36.55 

45.61 

10.70 

1.43 

3.54 

2.08 

4.83 

0.75 
3.30 
16.30 
20.30 
14.80 
11.40 

loaoo 

6.05 
82.8 
38L3 

6.35 
1L45 

5.15 

100.00 

.88 

100.00 

_ 

Table  2  (speed,  242:  1- 
Inoh  stroke). 

35 

65 

100 

150 

200 

<aoo 

0,417 
.208 
.147 
.104 
.074 
.074 

a  0154 
.0082 
.0058 
.0041 
.0029 
.0029 

45.20 

43.14 

7.40 

L83 

.89 

1.45 

as5 

.56 

2.05 
2.10 
2.40 
3.85 

33.80 

3i70 

23.10 

5.78 

124 

&3S 

Total  or  average. . 

• 

100.00 

4.70 

100.00 

100.00 

ia56 

loaoo 
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Table  2Q,—ResultaofteiU  with  10  eoncentratina  tables  treating  rather  free  miUingore — 

Continued. 


Size  of 
screen, 
mesh. 

Siseof  openings. 

Feed. 

Tailing. 

Table  Na 

mill- 
meters. 

Inches. 

Percent- 
age of 
weight. 

Zinc 

assay, 

per 

cent. 

Peroent- 

ageof 

total 

slno 

content. 

Percent- 
age of 
weight. 

Zinc 

assay, 

per 

cent. 

Percent* 
age  of 

total 

sine 
content. 

%*,»«^'*- 

35 

65 

100 

150 

200 

<200 

a  417 
.208 
.147 
.104 
.074 
.074 

a  0164 
.0082 
.0058 
.0041 
.0029 
.0029 

15.73 

47.87 

20.53 

3.96 

7.95 

3.96 

0.51 
1.44 
10.80 
1Z50 
13.38 
11.60 

1.6 
13.8 
44.3 

9.0 
21.25 

9.15 

25.98 

56.26 

12.07 

.75 

3.47 

1.47 

a26 
.72 
1.60 
1.81 
1.64 
8.15 

&6 
51,7 
24.7 
1.7 
7.8 
6.0 

'^tiM  or  ftV^rMfA.  - 

1 

100.00 

5.0 

loaoo 

loaoo 

.78 

100.0 

lUtle  4  (speed,  343:  i- 
Inch  stroie). 

35 

65 

100 

150 

200 

<200 

0.417 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.OMl 
.0029 
.0029 

4.21 

4a  04 

30.75 

11.09 

7.33 

5.98 

a30 
.98 

4.55 
11.10 
12.59 
1Z70 

0.3 
8.2 
29.25 
27.1 
19.3 
15.85 

7.50 
58.82 
25.14 
4.89 
1.07 
1.50 

a26 
.86 
.83 
1.84 
1.34 
2.27 

8.45 
37.30 
86.70 
11.66 

4.65 
.6.35 

Total  or  nTenure  - . 

100.00 

4.78 

loaoo 

loaoo 

a57 

loaoo 

Table  5  (speed,  245;  1- 
iDch  stroke). 

35 

65 

100 

150 

200 

<200 

a  417 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

1.00 
23.89 
39.99 
15.46 
11.36 

8.30 

a  74 

.52 

3.62 

6.40 

10.31 

15.10 

a  15 
2.50 
20.00 
19.8 
23.45 
25.1 

1.39 

84.51 

42.20 

13.46 

5.02 

3.42 

a  45 
.40 
.80 
1.00 
1.25 
2.50 

aoo 

13.40 
82.70 
13.1 
6.1 
34.1 

Total  or  avenure. . 

100.00 

5.0 

100.00 

loaoo 

1.03 

loaoo 

Table  5  (speed,  245;  ^ 
loch  stroke). 

65 

100 

150 

200 

<200 

0.208 
.147 
.104 
.074 
.074 

0.0082 
.0058 
.0041 
.0029 
.0029 

5.04 
27.44 
28.78 
21.72 
17.02 

a55 
LIO 
3.70 
7.70 
12.60 

0.53 

5.79 

2a  43 

32.10 

41.15 

18.61 

62.42 

6.26 

6.16 

6.55 

a  47 
1.32 
2.58 
2.88 
3.78 

5.8 
55.0 

laso 

11.86 
16l56 

Totflil  or  RVAmffA .  _ 

100.00 

&22 

loaoo 

loaoo 

1.50 

loaoo 

Table  7  (speed,  270;  A- 
Ineh  stroke). 

35 

65 

100 

150 

200 

<200 

0.147 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

0.16 
2.58 
43.82 
20.57 
19.67 
13.18 

1.60 
1.38 
2.45 
4.25 
7.30 
12.10 

ao6 

.70 
21.40 
17.42 
28.64 
31.78 

a  45 
6.02 
4a  51 
27.48 
14.26 
12.28 

a72 
.51 
.70 
1.03 
1.55 
2.78 

a25 

2.25 
24.45 
24.46 
19.10 
29.6 

Total  or  av^raffA . . 

100.00 

5.01 

loaoo 

loaoo 

1.16 

loaoo 

Table  8  (speed,  270;  ^ 
inch  stroke) 

35 

65 

100 

150 

200 

<200 

0.417 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

0.45 
1.26 
29.44 
35.21 
18.89 
14.75 

3.85 
3.13 
1.22 
3.76 
6.60 
14.00 

a  35 
.80 

7.1 
26.1 
24.9 
40.75 

1.37 
.78 
14.35 
35.07 
29.53 
18.90 

1.15 

.40 

.40 

.90 

1.45 

2.90 

1.16 

.20 

4.20 

23.06 

81.30 

40.10 

Total  or  avarafe . . 

100.00 

5.07 

100.00 

100.00 

1.37 

100.00 

Ta^te9(5«d,  274;  1- 
Inch  Btrdktt> 

35 

65 

100 

150 

200 

<200 

0.417 
.208 
.147 
.104 
.074 
.074 

0.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

1.04 

.92 

21.68 

40.73 

26.92 

8.71 

4.70 
2.80 
3.35 
4.30 
6.10 
11.20 

a  94 
.49 
14.05 
33.90 
31.76 
18.86 

8.24 
32.59 
34.17 
25.00 

a  50 

.60 

1.50 

3.64 

2.46 
11.75 
30.90 
54.90 

Total  or  avMiure . . 

100.00 

5.17 

100.00 

loaoo 

1.66 

loaoo 
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Tablb  29. — ResulUt  of  tests  mth  10  concentratina  tables  treating  rather  free  milling  ore— 

Continued. 


SIseof 
screen, 
mesh. 

Site  of  openings. 

Feed. 

Tailing. 

Table  No. 

MiUl- 
meters. 

Inches. 

Percent- 
age of 
weight. 

Zinc 

assay, 

per 

cent. 

Percent- 
age of 

total 

zinc 
content. 

Percent- 
age of 
weight. 

Zinc 
aasay, 

oenL 

Percent- 
age of 
total 
sine 

oonteDL 

Table  10  (speed,  276;  ]- 
inch  stroJce) 

65 

100 

150 

200 

<200 

0.208 
.147 
.104 
.074 
.074 

0.0062 
.0058 
.0041 
.0020 
.0020 

0.70 

8.78 

27.06 

42.15 

26.29 

5.09 
1.24 
1.44 
5.30 
10.82 

0.75 
.85 

7.0 
40.2 
51.2 

1.86 

4.58 

13.01 

38.91 

41.61 

1.72 

.51 

.62 

1.60 

2.75 

1.7 

1.25 
4.3 
32.65 
0D.1 

Total  or  averam . . 

1 

100.00 

5.55 

100.00 

100.00 

1.90 

100.00 

SUMMARY. 


Table  No. 


Table  1.. 
Table  2.. 
Tables.. 
Table  4.. 
Table  5. 
Table  6.. 
Table  7.. 
Tables.. 
Table  9.. 
Table  10. 


Speed, 
strokes 
per  min- 
ute. 

Length 
of  stroke. 

Zinc  con- 
tent of 
feed. 

Zinc  con- 
tent of 

concen- 
trate. 

Zinc  con- 
tent of 
tailing. 

Indus. 

Percent. 

Percent. 

Percent. 

239 

1 

4.83 

58.20 

0.88 

242 

1 

4.70 

61.80 

.66 

242 

1 

5.00 

58.78 

.78 

243 

4.78 

53.92 

.57 

245 

1 

5.00 

58.00 

1.03 

245 

4 

5.22 

54.05 

1.50 

270 

5.01 

55.44 

1.16 

270 

A 

5.07 

45.16 

1.37 

274 

} 

5.17 

49.60 

1.66 

276 

1 

5.55 

50.82 

1.90 

Percent- 
age or 
sine  re- 
covery. 


83.1 
86.9 
85.  S 
89.0 
80.  J 
T3.3 
78. 5 
75.0 
70.2 
6&3 


GENERAL    CONSIDERATIONS    OF    TABLE    PRACTICE. 

In  several  mills  in  the  Joplin  district  the  table  practice  is  good;  in 
most  mills,  however,  attention  is  paid  to  the  grade  of  concentrates 
produced  rather  than  to  the  work  of  each  table.  If  the  essentials 
of  good  table  practice  were  carried  out,  a  higher  recovery  of  products 
of  the  desired  grades  would  be  possible  in  many  mills.  Detail  tests 
made  from  time  to  time  would  show  what  each  table  is  doing.  The 
following  considerations  bearing  on  higher  recoveries  by  tables  seem 
to  be  worth  mentioning. 

CAPACITY  OF  TABLES. 

The  capacity  of  a  table  depends  on  the  rate  at  which  the  ore  travels 
over  the  deck,  and  therefore  chiefly  on  the  length  of  stroke  and  the 
number  of  strokes  per  minute.  In  general,  the  capacity  ranges  from 
4  to  40  tons  in  24  hours,  according  to  the  fineness  or  coarseness  of  the 
feed;  ''roughing"  tables  usually  have  two  or  three  times  the  capacity 
of  ordinary  sand  tables  treating  the  same  kind  of  material. 

The  main  bulk  of  the  sand  that  reaches  the  tables  is  the  undersize 
of  the  dewatered  tailings  from  the  rougher  jigs  and  that  in  the  over- 
flow waters  from  the  other  jigs.  A  common  method  of  dewatering 
the  tailings  from  the  rougher  jigs  is  with  a  trommel  placed  at  right 
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angles  to  the  end  of  the  jig.  The  tailings  flow  ofit  an  apron  at  the 
end  of  the  jig  and  fall  on  the  outside  of  the  revolving  screen.  The 
undeisize  is  washed  through  by  the  water  in  the  tailings.  A  spray  of 
water  plays  on  the  oversize  before  it  leaves  the  trommel  and  forces 
more  of  the  undersize  through  the  screen  openings,  increasing  some- 
what the  screen  efficiency.  These  dewatering  trommels  are  4  to  5  feet 
in  diameter,  with  screen  openings  of  usually  1^  to  2  mm.,  and  revolve 
in  the  direction  of  the  flow,  at  speeds  of  1 J  to  4  revolutions  per  minute. 

The  efficiency  of  the  dewatering  trommel,  or  the  proportion  of  the 
feed  that  passes  the  openings,  is  40  to  60  per  cent.  This  low  efficiency 
results  from  the  amount  of  undersize,  depending  almost  entirely  upon 
the  amoxmt  of  water  used  to  force  it  through.  Having  determined 
the  efficiency  of  the  dewatering  screen,  and  knowing  approximately 
the  tonnage  passing  over  the  rougher  jig,  one  can  estimate  fairly 
closely  the  quantity  of  undersize  from  this  screen  that  passes  into  the 
sand  tanks. 

In  mills  where  dewatering  screens  are  used,  it  would  seem  advisable 
to  determine  their  efficiency,  as  this  varies  widely  and  a  consider- 
able proportion  of  the  table-size  material  containing  zinc  may  pass 
over  the  screen  with  the  coarse  tailings.  If  such  be  the  case,  in- 
creased screening  efficiency  and  better  saving  of  the  values  can 
readily  be  effected. 

Screen  analyses  have  shown  that  the  tailings  from  rougher  jigs 
before  dewatering  usually  contain  10  to  30  per  cent  of  table-size 
material,  according  to  the  character  of  the  ore  and  the  size  to  which 
it  has  been  crushed  before  jigging. 

The  results  obtained  in  treating  classified  material  on  nine  concen- 
trating tables  in  actual  practice  in  a  mill  treating  sheet-ground  ore 
are  shown  in  Table  30.  The  table  shows  the  rate  of  feed,  the  percent- 
age of  zinc  recovery,  and  other  data,  for  each  concentrating  table. 

Table  30. — Results  of  tests  showing  tonnage  of  a  classified  feed  in  mill  treating  sheet. 

ground  ore  on  nin>e  concentrating  tables.  ^ 

[Covering  a  penod  of  75  hours  actual  running.] 


Zinc  content  of— 

Quan- 
tity of 
xinn 
concen- 
trate 
pro- 
duced. 

Quan- 
tity of 
sine  In 
fend. 

Quan- 
tity of 
one  in 
concen- 
trate. 

"Per- 
centage 
of  dnc 
recov- 
ery. 

Quan- 
tity of 
tail- 
ings. 

Total 
quan- 
tity of 
f^edto 
tables. 

Rate 

Table  No. 

Feed. 

Tail- 
ing. 

Con- 
oen« 

trate. 

of  feed, 
tons 

hour. 

1 

PercL 
4.7 
4.3 
4.0 
4.0 
4.1 
4.0 
4.8 
5.2 
5.25 

Peret, 

1.00 

.60 

.76 

.70 

1.10 

1.10 

2.85 

3.50 

2.20 

Peret. 
61.8 
51.7 
63.1 
63.7 
63.2 
61.3 
47.9 
44.2 
34.3 

Tom. 
7.106 
7.713 
6.481 
3.654 
3.653 
1.827 
1.016 
1.217 
1.015 

Tons. 
4.682 
4.584 
3.682 
1.990 
2.602 
1.266 

.906 
1.516 

.560 

Tons. 

3.680 

3.988 

2.910 

1.662 

1.943 

.038 

.486 

.538 

.348 

80.3 
87.0 
82.4 
83.6 
74.7 
74.1 
63.7 
36.6 
62.1 

Tofu. 
90.396 
98.887 
84.050 
46.106 
60.8U7 
29.803 
17.836 
27.933 

0.646 

Tons. 
97.50 
106.60 
89.64 
49.76 
63.46 
31.63 
18.85 
29.15 
10.66 

0.73 

2 

.705 

3 

.67 

4 

.37 

5 

.47 

6 

.236 

/ 

.14 

8 

.22 

9 

.06 

4.34 

1.1 

50.6 

32.680 

21.586 

16.493 

76.6 

464.470 

497.15 

3.71 

a  For  the  size  of  material  treated  on  each  table  see  Table  21  (p.  81). 


96  MINING  AND  MILLING  OF  LEAD  AND  ZINC  OKES. 

PRODUCTS  FROM  THE  TABLES. 

As  previously  stated;  the  usual  practice  in  the  mills  of  the  Joplin 
district  is  to  make  a  clean  lead  concentrate  and  a  clean  zinc  concen- 
trate and  to  return  the  intermediate  mixed  lead,  iron,  and  zinc 
concentrate  to  the  original  table  feed.  It  is  believed  that  a  better 
practice  would  be  to  save  this  product  and  treat  it  separately  from 
time  to  time,  as  under  present  practice  the  iron  sulphide  accumu- 
lates and  must  eventually  contaminate  the  lead  or  zinc  concentrates, 
unless  eliminated  in  some  way.  If  the  lead  content  of  the  ore  is  small, 
the  iron  sulphide  might  better  go  with  the  lead  concentrate  rather 
than  be  returned  to  the  feed. 

Middlings  from  tables  are  usually  returned  to  the  original  table 
feed,  although  in  a  few  mills  they  are  treated  on  separate  tables. 
Returning  these  middlings  to  the  feed  cuts  down  the  relative  capacity 
of  each  table  and  lowers  their  efficiency,  especially  if  the  table  mid- 
dlings are  not  reground  before  being  returned.  When  the  mid- 
dlings consist  of  free  mineral  and  gangue,  already  a  concentrated 
product,  it  would  seem  advisable  to  treat  this  product  on  separate 
tables.  By  treating  the  middlings  from  tables  separately,  the  quan- 
tity of  middlings  produced  from  the  primary  tables  is  cut  down, 
and  the  relative  capacity  of  the  tables  increased. 

STAGE  CONCENTRATION. 

Where  the  ratio  of  concentration  is  as  high  as  it  is  in  the  rnilk  of 
this  district,  the  use  of  a  ^^roughing"  and  '* cleaning"  system  of  con- 
centration by  tables  would  seem  preferable  in  order  to  assure  high 
recoveries.  Such  a  change  would  require  the  use  of  two  or  more 
roughing  tables  of  relatively  large  capacity  and  the  treatment  of  the 
enriched  product  from  these  tables  on  the  usual  sand  tables.  A 
considerable  part  of  the  lead  might  possibly  be  removed  by  this  treat- 
ment before  the  material  reached  the  sand  tables.  The  chief  advan- 
tages of  the  plan  would  be  the  higher  recoveries  obtainable  and  the 
greater  relative  capacity  of  the  sand  tables,  or  possibly  a  decrease  in 
the  number  of  sarid  tables  used.  This  plan  is  being  foUowed  in  a 
few  of  the  mills  with  good  results. 

Another  effective  practice  in  treating  fine  material  on  tables  is  to 
use,  for  each  classification,  two  tables,  one  placed  a  table's  width  to 
the  side  of  the  other  and  about  2  feet  lower,  both  being  set  on  a 
concrete  foundation.  From  the  first  and  higher  table,  concentrates 
only  are  taken.  The  mixed  product  of  lead,  iron,  and  zinc  from 
the  concentrate  end,  the  middling,  and  the  tailing,  from  the  first 
table  all  go  by  gravity  to  the  feed  box  of  the  second  table.  From 
this  second  table  concentrates  are  produced,  the   middling  is  re- 
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ground  and  sent  over  separate  tables,  and  the  tailing  is  discarded. 
The  writer  had  the  privilege  of  testing  this  system  of  tabling  lead 
and  zinc  ores  at  a  mill  in  Sardinia,  Italy,  by  which  high  recoveries 
were  obtained. 

RETRBATMBNT  OF  CONCENTRATBS  OK  TABLES. 

When  the  concentrates  from  the  jig  and  table  sections  treating  the 
coarse  material  are  fairly  low  grade,  containing  2  to  3  per  cent  lead, 
4  to  10  per  cent  iron,  and  40  to  50  per  cent  zinc,  the  remainder 
being  gangue,  it  has  been  f omid  that  crushing  the  material  to  table 
size  and  treating  it  on  tables  yields  a  much  better  grade  of  product. 

In  mills  where  the  concentrates  have  been  re-treated  in  this  way 
the  lead  content  has  been  reduced  to  0.2  to  0.4  per  cent  and  the  iron 
content  to  less  than  2  per  cent.  However,  in  one  mUl  the  iron  con- 
tent was  reduced  from  8  or  9  to  only  5  per  cent,  while  the  zinc  tenor 
was  increased  several  points.  When  the  content  of  iron  sulphide  is 
high,  elimination  of  that  mineral  from  the  zinc-blende  concentrates  is 
difficult  because  of  the  small  difference  in  specific  gravity  between  the 
two  minerals,  whereas  the  lead  content  is  fairly  easy  to  cut  down. 
To  obtain  good  results  with  minerals  differing  but  slightly  in  specific 
gravity,  very  dose  classification  is  necessary.  Therefore,  classifi- 
cation by  sizing,  also  known  as  grading,  would  seem  feasible.  The 
concentrates  could  be  screened  to  three  or  more  different  sizes  and 
the  sized  products  treated  on  separate  tables,  the  concentration  then 
depending  more  on  the  differences  in  specific  gravity  of  the  minerals. 
The  flow  sheet  for  such  retreatment  on  tables  would  have  to  be 
designed  with  reference  to  the  quantity  of  concentrates  to  be  treated 
and  the  proportionate  quantity  of  the  various  screen  products. 

If  the  concentrates  produced  from  the  mill,  before  retreatment 
should  be  high  in  iron  and  consequently  low  in  zinc,  say  about  40 
per  cent  zinc,  and  the  ore  from  the  mine  should  be  fairly  unif omi,  it 
would  probably  pay  to  install  a  smaU  roasting  and  magnetic  sepa- 
rating plant,  rather  than  to  treat  the  ore  on  tables.  Giving  the  con- 
centrates a  superficial  roast  and  then  passing  them  through  magnetic 
separators  has  proved  satisfactory  in  the  Wisconsin  field.* 

ESSENTIAL  CONBITIONS  FOR  GOOD  TABLE   PRACTICE. 

The  essential  points  to  be  considered  in  good  table  practice  can  be 
summed  up  as  follows:  (1)  The  character  of  the  ore,  (2)  the  richness 
of  the  feed,  (3)  the  size  of  the  material  treated,  (4)  the  quantity  of 
feed,  (5)  the  previous  classification  of  the  feed,  (6)  the  uniformity  of 
the  feed  coming  onto  the  table,  (7)  the  thickness  of  the  pulp  treated, 

>  Wright,  C.  A.,  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wisconsin  district,  Wis.,  Toch.  Paper  05, 
Bureau  of  Mines,  1915,  pp.  27-28. 
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(8)  the  operating  conditions  of  the  table,  such  as  speed,  length  of 
stroke,  amount  of  wash  water,  slope  of  deck,  and  firmness  of  founda- 
tions, (9)  the  character  and  quantity  of  the  middlings  produced  and 
their  further  treatment,  (10)  the  kind  and  grade  of  the  concentrates 
produced,  (11)  the  further  treatment  of  the  "returns"  or  mixed  con- 
centrate products  of  lead,  iron,  and  .zinc,  (12)  the  possibilities  of 
stage  concentration  by  tables/ 

All  of  these  conditions  are,  of  course,  dependent  on  the  quantity  of 
ore  to  be  treated,  the  number  of  tables  available  or  that  can  be 
added,  and  the  personal  attention  given  to  the  tables  by  the  men  in 
charge. 

CHABACTEB  OF  OVEBFLOW  FBOH  SETTLING  TAWKS. 

Anyone  familiar  with  the  nulls  in  the  Joplin  district  knows  that  the 
practice  has  been  to  produce  the  smallest  amount  of  fine  material 
possible,  as  a  large  proportion  of  the  losses  has  been  in  the  finest  sizes. 
The  coarse  tailings  from  the  "rougher''  jigs,  after  being  dewatered, 
are  seldom  reground  for  further  treatment,  but  are  sent  direct  to  the 
tailings  pile.  Consequently,  the  quantity  of  slimes  is  relatively 
small  as  compared  with  that  produced  by  jigs  and  tables  in  other 
parts  of  the  country. 

As  the  treatment  of  slimes  containing  zinc  blende  is  now  possible 
by  improved  concentrating  methods,  especially  by  flotation,  the  pro- 
duction of  a  somewhat  larger  proportion  of  fine  material  should  not 
be  considered  such  a  disadvantage  in  the  milling  of  the  Joplin  ores. 

LOSSES  IN  OVEBFLOW. 

In  figuring  the  percentage  of  recovery  in  a  null  all  of  the  losses 
should  be  included,  a  part  of  which  is  in  the  overflow  waters  from 
the  settling  tanks.  The  zinc  assays,  as  a  rule,  are  relatively  much 
higher  in  the  shmes  and  overflow  from  the  settling  tanks  than  in  the 
table  sands  and  coarser  material. 

KESULTS  OF  MILL  TEST  IN  MILL  TREATIKQ  SHEET-GROUND  ORE. 

The  results  of  a  mill  test  showing  the  quantity  of  zinc  lost  in  the 
overflow,  the  relatively  higher  assays  in  the  finer  sizes  of  the  mill 
tailings,  not  including  the  overflow,  and  the  percentage  of  loss  in 
the  various  screen  products,  are  presented  in  Table  31. 
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Table  31. — ResuUa  of  a  mill  test  in  mUl  treating  sheet-ground  ore. 


Rormn  mialysifl  of  mill  tailings  not  including  overflow. 

Zino  (Zn)  content. 

Sin  of  openings. 

FeiToent* 

age  of 

total 

sine. 

CuniuUk 

Sin  of 
mflsh. 

Weight 
of  screen 
products. 

Cimmla- 

tive 
weight. 

By 
amy. 

tive  per- 
centage 
of  total 
lino. 

Ifm- 

Inches. 

PereefU, 

Percent 

Pereeni, 

8 

13.83 
6.680 

a525 
.263 

6.80 
32.08 

'""88.07' 

0.30 
.22 

5.6 
10.3 

24.0 

6 

8.327 

.131 

26.75 

65.72 

.20 

14.6 

80.5 

10 

1.651 

.065 

18.40 

84.12 

.10 

0.5 

40.0 

20 

.833 

.0328 

0.07 

03.10 

.30 

7.4 

56.4 

35 

.417 

.0164 

2.70 

05.80 

.56 

4.1 

60.5 

65 

.208 

.0062 

1.80 

07.60 

1.27 

6.3 

66. 8 

100 

.147 

.0058 

.44 

08.13 

2.03 

8.5 

70.3 

150 

.104 

.0041 

.30 

08.52 

3.35 

8.6 

73.0 

200 

.074 

.0020 

.21 

08.73 

5.70 

3.3 

77.2 

<200 
Totj 

.074 
il  or  averaee. 

.0020 

1.27 

100.00 

6.55 

22.8 

loaoo 

100.00 

,37 
.41 

100.00 

Checks 

ampi^  , , ,   . 

mirfav  •••••• 

Ore  treated 

Concentrates  produced. 


Tons. 
1,994 
35.6 


Tailings 1, 968. 6 

Quantity  of  solidB  in  overflow  from  settling  tanks 34. 73 

Quantity  of  tailings,  not  including  material  in  overflow 1, 923. 77 

Quantity  of  metallic  zinc  in —  Per  cent. 

Concentrates , 59. 4  21. 087 

Tailings  without  overflow 41  7.887 

Overflow 6.01  1.740 


Total  quantity  of  zinc  in  ore  treated 30.714 

Percentage  of  zinc  recovery  (27.087-f-30.714)  X 100 68. 61 

The  results  of  this  test,  made  in  a  mill  treating  ^'sheet-groimd" 
ore,  show  a  zinc  recovery  of  68.6  per  cent. 

As  shown  by  the  screen  analysis  and  the  zinc  assays  of  the  various 
screen  products  in  the  mill  tailings,  not  including  the  overflow  from 
the  settling  tanks,  22.8  per  cent  of  the  total  zinc  was  in  the  material 
finer  than  200  mesh.  This  material  represented  1.27  per  cent  of  the 
total  weight  of  the  mill  tailings.  The  quantity  of  solids  in  the  over- 
flow for  the  quantity  of  ore  treated  (1,994  tons)  was  34.73  tons,  with 
an  assay  value  of  5.01  per  cent  zinc.  The  quantity  of  zinc  in  the  over- 
flow, therefore^  was  1.740  tons.  As  the  mill  tailings  contained  7.887 
tons  of  zinc,  the  total  quantity  of  zinc  lost  for  the  tonnage  treated 
was  9.627  tons.  From  these  figures,  the  percentage  of  the  total  loss 
represented  by  the  overflow  was  (1.7404-9.627)  X 100  =  18.1  per  cent. 
If  the  })ercentage  of  recovery  made  by  the  mill  not  including  the 
values  lost  in  the  overflow  from  the  settling  tanks  were  calculated, 
the  result  would  show  a  zinc  recovery  of  72.8  per  cent.  In  other 
words,  the  apparent  recovery  would  be  4.2  per  cent  better  if  the 
values  in  the  overflow  were  not  included  in  the  total  zinc  lost. 
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RESULTS     OF     SCREEN     ANALYSIS     OF     SOLIDS     IN    OVERFLOW     FROM 
SETTLTNO  TANKS  AT  MILL  TREATING  SHEET-GROUND  ORE. 

To  show  more  fully  the  values  in  the  various  sizes  of  solids  in  the 
overflow  from  settling  tanks  at  a  representative  mill  treating  sheet- 
ground  ore,  the  writer  presents  the  following  screen  analyses  and 
the  zinc  assays  of  the  different  screen  products. 

Table  32. — Screen  ancdyM  oftolids  in  overflow  from  $eUling  tank  of  mill  treating  sheet- 
ground  ore. 


SlEeof 
screen 
medL 

SIse  of  openings. 

Weight 
of  screen, 
prodaots. 

Comobb- 

tive 
weight. 

Zinc  content. 

Mm. 

Xncbes. 

Byassfty. 

Peroent- 

ageof 

total 

sine. 

Camiila- 
tive  per- 
centage 
of  total 
line. 

100 

150 

200 

<200 

a  147 
.104 
.074 
.074 

a0068 
.0041 
.0029 
.0029 

Percent. 

8.19 

7.60 

8.22 

75.99 

Percent. 

Percent, 
5.00 
4.50 
6.20 
7.35 

6.05 

6.06 

6w32 

82.57 

15.79 

24.01 

100.00 

11.11 

17.43 

100.00 

Toti 

kl  ftveraee 

100.00 

6.76 
6.60 

loaoo 

Cha 

ik  i?ampi6 

t                  1 

RESULTS  OP  TESTS  OF  OVERFLOW  FROM  SETTLING  TANKS  AT  SEVERAL 

MtLLS. 

Table  33  shows  the  weight  of  soUds  per  gallon  and  the  lead  and 
zinc  assays  of  soUds  in  the  overflow  from  the  settling  tanks  of  several 
mills. 

Table  33. — Data  on  overflow  from  settling  tanks  at  seven  different  miUs. 


Mill 
No. 

Quantity 

of  solids. 

per  gallon.a 

Ratio  of 

water  to 

solids. 

Per  rent 
ofsoUds 

m 

overflow. 

Assay  of  solids. 

Remaiks. 

Lead  (Pb). 

Zinc  (Zn). 

1 
2 
3 
4 
5 
6 
7 

Chranu. 

11.67 

12.67 

13.86 

9.35 

25.33 

9.66 

9.30 

323:1 
298:1 
272:1 
405:1 
161:1 
801:1 
406:1 

0.300 
.335 
.365 
.246 
.619 
.254 
.245 

Percent. 
1.20 
2.41 
1.45 
.37 
.14 
2.78 
1.90 

Percent 
5.01 
7.04 
5.25 
6.38 
1.13 
6.60 
8.40 

fllnfftotaoks. 

Do!                 1 
Double  tanks. 
Single  tanks. 

Do. 

a  1  gallon  contains  3,785  c.  c,  or  3,785  grams  of  water  (specific  gravity,  1.00);  specific  gravity  of  solids  wts 
taken  as  2.7. 


KETHOD  OF  CALCULATINa  VALITE  OF  LOSSBS  AKD  PROBABLE 

RECOVERY. 

As  the  table  shows,  the  percentage  of  soUds  in  the  overflow  watere 
was  low.  In  order  to  treat  the  contained  sUmes  these  overOows 
would  have  to  be  thickened  to  a  fairly  thick  pulp.    In  figuiing  tb® 
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zinc  loss  in  the  overflow,  the  number  of  gallons  of  overflow  a  minute 
would  have  to  be  measured  at  each  individual  mill.  The  overflow 
irom  the  settling  taaks  is  about  700  to  1,200  gallons  a  minute,  de- 
pending, of  course,  on  the  tonnage  treated  and  the  quantity  of  water 
used.  If  1,000  gallons  a  minute  be  taken  as  an  average,  an  approxi- 
mate figure  for  the  zinc  values  lost  during  a  period  of  10  hours  can 
be  determined  for  the  mills  represented  in  the  preceding  table,  as 
shown  in  Table  33  following. 

Table  34. — Estimated  zinc  losses  in  overflow  at  seven  millSy  calculated  from  data  in 

Table  SS, 

[Zinc  values  figured  on  the  basis  of  1,000  gallons  per  minute  overflow.] 


Mill 
No. 

Quantity  of  solids  In 
overflow  for  10  hours. 

Zinc 
oontent. 

Quantity  of 

sine  in 

overflow 

for 
10  hours. 

Quantity  of 
"50  per  cent 

sine"  oon- 
oentratesin 
overflow  for 

10  hours. 

Kllogremfl. 

Founds,  o 

1 
2 
8 
4 
6 
6 
7 

7,002 
7,602 
8,310 
5,508 
13,908 
6,796 
5,580 

15,437 
16,750 
18,320 
12,341 
30,860 
12,778 
12,301 

Percent, 
5.01 
7.04 
5.25 
6.38 
1.13 
6.60 
8.40 

POIUHb. 

773 
1,150 
962 
787 
349 
843 
1,033 

PouiMf«. 
1,546 
2,318 
1,924 
1,574 
698 
1,686 
2,066 

a  1  pound  is  figured  as  equal  to  453.6  grams. 

After  computing  the  quantities  of  zinc  lost  in  the  overflow  for 
10  hours,  and  figuring  that  a  saving  of  50  to  80  per  cent  is  possible 
by  flotation  or  some  other  method,  values  can  be  calculated  in  dollars 
and  cents.  Assuming  that  the  product  obtained,  after  treatment, 
will  have  a  value  of  $30,  $40,  $50,  or  $60  per  ton  for  50  per  cent  zinc 
concentrates,  and  figuring  these  values  on  a  50  and  an  80  per  cent 
zinc  recovery,  one  obtains  the  figures  as  shown  in  Table  35. 

Table  36. —  Value  of  "50  per  cent"  line  concentrates  in  overflow  during  10  hours  from 

varums  mills. 


Quantity 
of  "50  per 

MUI 
No. 

cent  sine" 

Value  at 

Value  at 

Vahieat 

Value  at 

con- 

$30per 

W)per 

150  per 

160  per 

centrates 

ton. 

too. 

Uml 

ton. 

in  10 

^ 

hours-tt 

Pownds, 

1 

1,546 

123.19 

130.92 

139.65 

146.38 

2 

2,313 

34.77 

45.36 

57.96 

60.54 

3 

1,924 

28.96 

38.48 

48.10 

57.72 

4 

1,574 

23.61 

31.48 

30.35 

47.22 

5 

698 

10.47 

13.90 

17.45 

20.94 

6 

1,686 

25.19 

33.72 

42.15 

50.58 

7 

2,066 

30.99 

41.32 

51.65 

61.98 

a  Figures  are  tbose  given  in  Table  84. 
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-  Value  of**SO  per  cent ''  zinc  ooncentratei  in  overflow  during  10  howi/rom 

various  milU—^ntinued. 

VALUES  BASED  ON  60  PER  CENT  SAVING. 


MUl 
No. 

1 
2 
3 
4 
6 
6 
7 

Quantity 
of  "60  per 
cent  sine'' 

con- 
centrates 
in  10 
hours, 
pounds. 

Value  at 

130  per 

ton. 

Value  at 

$40  per 

ton. 

1 

Value  at 

$50  per 

ton. 

Valneat 

$60  per 

tan. 

1,546 
2,318 
1,024 
1,574 
608 
1,686 
2,066 

111.50 
17.38 
14.48 
11.80 
5.23 
12.50 
16.40 

$16.46 
23.18 
10.24 
15.74 
6.08 
16.86 
20.66 

$10.83 
28.07 
24.06 
10.67 
8.72 
21.07 
26.82 

$23.10 
84.77 
28.06 
23.61 
10.47 
25.10 
30.00 

VALUES  BASED  ON  80  PER  GENT  SAVING. 


1 

1,546 

$18.65 

$24.74 

$31.72 

$37.10 

2 

2,318 

27.82 

30.00 

46.36 

55.63 

3 

1,024 

23.17 

30.78 

38.48 

46.18 

4 

1,574 

18.80 

25.18 

31.48 

37.78 

5 

608 

8.38 

11.17 

13.96 

16.75 

6 

1,686 

20.15 

26.08 

33.72 

40.46 

7 

2,066 

24.70 

33.06 

41.32 

49.58 

At  No.  1  mill  there  was  1,546  pounds  of  50  per  cent  zinc  concen- 
trates in  the  overflow  during  10  hours.  This  quantity,  figured  at 
$30,  $40,  $50,  and  $60  per  ton,  gives  values  of  $23.19,  $30.92,  $39.65, 
and  IN6.38.  If  a  50  per  cent  saving  be  assumed,  the  values  become 
$11.59,  $15.46,  $19.82,  and  $23.19.  The  net  profit  will  be  the 
difference  between  these  values  and  the  cost  of  treatment.  The 
figures  given  are  based  on  a  10-hour  day;  if  the  mills  were  in  use  20 
hours  or  24  hours  a  day  the  values  would  be  proportionately  greater. 

These  figures  bring  out  the  possibiUties  of  saving  more  of  the 
minerals  now  going  to  waste  and  show  one  of  the  reasons  why  30  to 
40  per  cent  of  the  zinc  in  the  ore  treated  in  the  mills  of  the  Joplin 
district  is  lost.  Hence  the  management  of  each  mill  should  determine 
what  percentage  of  the  total  loss  from,  the  mill  is  represented  by  the 
overflow  from  the  settling  tanks,  and,  if  the  loss  warrants  them,  what 
improvements  or  changes  will  xaske  a  greater  commercial  saving. 
The  commercial  possibiUties  for  a  greater  saving  of  the  values  con- 
tained in  the  slimes  or  overflow  slimes  under  the  present  milling 
practice  will,  of  course,  depend  on  the  quantity  of  fine  material  pro- 
duced, so  that,  unless  a  slime-treatment  imit  or  a  flotation  unit  of 
small  enough  capacity  can  be  added,  any  saving  on  a  profitable  basis 
will  probably  be  limited  to  the  larger  mills  of  the  district. 

However,  as  has  previously  been  stated,  the  fact  that  it  is  now 
possible  to  obtain  a  relatively  high  recovery  by  flotation  from  slimes 
containing  sulphides  of  lead  and  zinc  indicates  that  a  greater  pro- 
portion q{  the  fijUQ  pptOitorial  produced  by  finer  grinding  could  be 
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profitably  saved  with  proper  equipment.  Especiafly  the  middlings 
from  tables  and  the  ''chats/'  or  particles  containing  iacluded  min- 
eral, froni  the  jigs,  could  be  ground  finer. 

POSSIBILITIES  OF  FLOTATION. 

A  number  of  flotation  tests  of  the  lead  and  zinc  ores  of  this  district 
have  shown  that  floating  the  sulphides  is  relatively  easy.  The  ore 
consists  mainly  of  sphalerite,  the  zinc  sulphide,  with  varying  smaller 
quantities  of  lead  sulphide,  galena,  and  flint  being  the  chief  gangue  ma- 
terial. Certain  problems,  however,  such  as  the  quantity  of  material 
that  can  be  floated  without  further  crushing  and  the  possibilities  of 
finer  grinding,  must  be  worked  out  to  insure  success  on  a  commercial 
scale.  Therefore,  the  mill  men  of  this  district,  because  of  the  difficul- 
ties in  applying  flotation  to  the  treatment  of  these  ores,  have  on  the 
whole  been  somewhat  reluctant  to  adopt  the  process.  Although  at 
present  flotation  does  not  hold  as  important  a  place  in  the  treatment  of 
Joplin  ores  as  in  many  of  the  larger  copper  and  zinc  nulls  of  the  West, 
jet  the  writer  believes  that  before  long  many  of  the  nulls  will  have 
small  flotation  imits  for  saving  a  large  proportion  of  the  zinc  now 
going  to  waste  in  the  fine  material.  Five  or  six  mills  are  using 
flotation  successfully,  and  others  are  testing  it.  The  grade  of  flotation 
concentrates  produced  by  the  mills  using  the  flotation  process  varies 
from  about  55  to  59  per  cent  zinc. 

In  the  Joplin  district  the  mills  are  small,  their  capacity  being  100  to 
500  tons  of  ore  treated  in  10  hours.  They  are  equipped  with  crusher, 
rolk,  jigs,  and  tables.  At  most  of  them  the  material  that  reaches  the 
jigs  has  passed  a  J-inch  tronunel  screen.  The  middlings  or  "chats" 
from  the  jigs  are  recrushed  for  further  treatment  on  sand  jigs  or 
tables,  or,  as  is  the  practice  in  some  nulls,  returned  to  the  rougher 
jigs.  Middlings  from  the  tables  are  seldom  reground.  The  first 
point  to  be  considered,  therefore,  is  how  much  material  now  being 
produced  is  fine  enough  to  be  amenable  to  flotation,  or  in  other  words, 
what  percentage  of  the  total  tonnage  treated  is  crushed  to  a  suitable 
size  for  flotation  and  what  proportion  of  this  size  can  be  saved  for 
retreatment. 

PBOPOBTION  OF  MATEBIAL  OF  STTITABLE  SIZE  FOB  FLOTATION. 

RESULTS    OF    TEST. 

To  show  more  clearly  the  quantity  of  material  available  and  of 
suitable  size  for  flotation  the  results  of  a  simple  mill  test  are  presented 
in  Table  36  following.  The  ore  treated  was  from  a  hard-ground  mine, 
better  known  as  sheet-ground  ore,  consisting  chiefly  of  flint  as  thQ 
gangae  with  a  small  percentage  of  zinc  and  practically  no  lead., 
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Table  36. — Results  of  sizing  test  of  tailings  in  a  mill  treating  sheet-ground  on. 


Screen  analysis  of  mill  tailings 
not  including  overflow. 

Weight 

CumuhiF 

■ 

Size  of  openi^igs. 

tive 

Percent- 

Cumola- 

Size  of 
mesh. 

« 

products. 

freight. 

By 
assay. 

age  of 
total 
rinc 

tire  per- 
centage 
of  total 
sioo. 

Mm. 

Tnf»hfii^, 

Percent. 

Pereefd. 

PercenL 

13.33 
6.680 

0.525 
.263 

6.89 
32.06 

0.30 
.22 

5.6 
19.3 

"""24.'9 

3 

38.97 

6 

3.327 

.131 

26.75 

65.72 

.20 

14.6 

39.5 

10 

1.651 

.065 

IB.  40 

84.12 

.19 

9.5 

40.0 

20 

.833 

.0328 

9.07 

93.19 

.30 

7.4 

56.4 

/      35 

.417 

.0164 

2.70 

95.89 

.56 

4.1 

60.5 

65 

.208 

.0082 

1.80 

97.69 

1.27 

6.3 

66.8 

100 

.147 

.0058 

.44 

98.13 

2.93 

3.5 

70.3 

150 

.104 

.0041 

.39 

98.52 

3.35 

3.6 

73.9 

200 

.074 

.0029 

.21 

98.73 

5.70 

8.3 

77.2 

<200 

.074 

.0029 

1.27 

100.00 

6.55 

22.8 

100.0 

T< 

)tal - 

100.00 
1 

a. 37 
.41 

1 

100.0 

CI 

leck  sample. 

1 

a  Calculated. 


Ore  treated 

Concentrates  produced 


Tailings 1 

Solids  in  overflow  from  settling  tanks. 


Tods. 
1,994 
35.5 

1,958.50 
34.73 


1, 923. 77 


Per  cent. 

59.40 

.41 

5.01 


2L087 
7.8S7 
1.740 

30.714 


Tailings,  not  including  solids  in  overflow 

Metallic  zinc  in — 

Concentrates 

Tailings  without  overflow 

Overflow 

Total  quantity  of  zinc  in  ore  treated 

Percentage  of  zinc  recovery  (21.087+30.714)  X  100 68. 6 

DISCUSSION   or   RESULTS   OF  TEST. 

The  results  of  the  tests  in  the  preceding  table  indicate  a  zinc  le- 
covery  of  68.6  per  cent.  As  shown  by  the  screen  analysis  of  the  mill 
taiUngs,  not  including  the  solids  in  the  overflow  from  the  settling  tads, 
2.31  per  cent  passed  the  66-mesh  screen,  a  product  fine  enough  for 
flotation.  The  quantity  treated  during  this  test  was  1,994  tons,  con- 
taining 44.44  tons  of  material  passing  the  65-mesh  screen.  The  cal- 
culated zinc  content  of  this  size  material  was  5.24  per  cent,  or  2.328 
tons.  On  the  assumption  that  the  overflow  is  suitable  to  flotation, 
there  are  34.73  tons  of  solids  containing  5.01  per  cent  zinc,  or  1.74  tons 
of  zinc.  The  sum  of  these  two  products  makes  a  total  of  4.068  tons  of 
zinc  in  the  material  suitable  to  flotation,  or  79.17  tons  with  a  calcu- 
lated content  of  5.14  per  cent  zinc.  If  this  material  would  be  avail- 
able and  if  80  per  cent  of  its  zinc  content  could  be  recovered  by 
flotation,  3.256  tons  of  zinc  would  be  saved.  The  total  zinc  content 
of  the  1;994  tons  of  ore  treated  was  30,714  tons.    Adding  to  the  21.087 
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tons  of  zinc  saved  in  the  concentrate  the  3.256  tons  that  could  be 
recovered  from  the  79.17  tons  of  floatable  material  by  flotation^  we 
have  24.343  tons  of  zinc  saved  out  of  a  possible  30.714  tons^  or  a  zinc 
recovery  of  79.2  per  cent.  In  other  words,  the  recovery  would  be 
increased  from  68.6  to  79.2  per  cent,  representing  an  additional  saving 
of  10.6  per  cent  of  the  total  zinc  in  the  ore. 

The  above  figures  bring  out  the  possibilities  of  marked  savings  by 
flotation  with  a  relatively  large  tonnage.  Unfortunately,  the  average 
daily  tonnage  treated  by  the  mills  is  considerably  less  than  1,994  tons, 
the  tonnage  treated  during  the  time  the  test  was  being  made.  It  is 
reasonable  to  believe,  however,  that  the  mills  treating  500  to  1,000 
tons  of  ore  daily  could  install  a  small  flotation  unit  at  a  profit,  the  size 
of  the  unit  depending  on  the  quantity  of  fine  material  produced. 

In  milling  soft-ground  ore  generally  the  proportion  of  fines  is  much 
lai^r  than  with  hard-ground  ore;  hence  enough  fine  material  would 
be  produced  in  a  mill  treating  200  to  300  tons  a  day  to  operate  a  20  to 
30  ton  flotation  unit. 

DIFFICX7LTY  OF  GBINDINa  TO  SIZES  SI7ITABLE  FOB  FLOTATION. 

The  next  step  in  determining  the  possibilities  of  flotation  for  the 
ores  of  the  Joplin  district  is  the  profitable  hmit  of  fine  grinding,  which 
would  be  one  of  the  main  problems  in  flotation,  as  the  gangue  consists 
mostly  of  flint.  The  question,  therefore,  is  one  of  fine  grinding  rather 
than  of  floating  the  mineral,  at  least  in  mills  where  not  enough  mate- 
rial is  already  available  for  profitable  flotation.  Many  kinds  of  fine 
grinding  mills  have  been  tried  in  this  district  with  more  or  less  dis- 
couraging results,  as  the  flint  is  highly  abrasive.  In  fact,  the  fine 
grinding  of  Joplin  ores,  either  by  ball  mills  or  some  other  means,  is 
still  an  unsolved  problem. 

Certain  of  the  mill  products,  however,  would  be  less  resistant  and 
more  easily  ground.  Some  of  these  products  are:  (1)  ''chat?"  from 
the  jigs,  (2)  tailings  from  the  tables  treating  fine  material,  (3)  all 
table  middlings  that  need  to  be  regrotmd  before  further  treatment, 
and  (4)  possibly  the  oversize  often  discarded  from  sand  screens.  The 
important  factors  to  be  considered  in  the  possible  treatment  of  these 
products  by  flotation  are  the  cost  of  fine  grinding,  the  quantity  of 
material  to  be  regroimd,  and  the  zinc  content  of  the  material. 

If  the  material  contained  1  per  cent  metallic  zinc,  equivalent  to  2 
pef  cent  of  a  50  per  cent  zinc  concentrate,  and  the  concentrate  was 
worth  $50  a  ton,  its  value  would  be  $1  a  ton  or  $0.80  a  ton  on  e  basis 
of  80  per  cent  zinc  recovery.  For  material  containing  2  per  cent  zinc 
these  values  would  be  $2  a  ton  and  $1.60  for  80  per  cent  recovery. 
In  other  words,  it  is  possible  to  figure  from  the  zinc  content  and  the 
possible  zinc  recovery  what  value  can  be  placed  on  the  material  to 
bo  regroimd  and  treated. 

34503°— 18— Bull.  154 8 
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The  cost  of  fine  grinding  would  depend  upon  the  type  of  grinding 
mills  used  and  on  the  character  and  coarseness  of  the  material 
The  greater  the  tonnage  treated  the  less  would  be  the  unit  cost  of 
grinding  and  subsequent  treatment.  The  possibiUties  are,  therefore, 
greatly  increased  when  one  considers  the  larger  tonnage  available  for 
flotation  by  finer  grinding.  In  addition  slimes  or  fine  sands  that  are 
at  present  being  treated  on  slime  tables  could  be  treated  by  flotation, 
and  a  higher  zinc  recovery  effected  than  is  usually  possible  on  slime 
tables. 

In  view  of  the  demand  for  high-^ade  zinc  concentrates  by  smelters, 
zinc  ores  containing  a  comparatively  large  proportion  of  lead  and  iron 
sulphides  would  require  either  differential  flotation  or  retreatment  of 
the  concentrates  on  tables.  At  a  few  mills  the  floatable  material  is 
given  a  preliminary  treatment  on  tables  to  eliminate  the  lead  and 
iron,  but  this  requires  extra  tables  and  is  of  doubtful  eflSlcacy  where 
the  content  of  iron  and  lead  in  the  feed  is  h^h. 

Retreatment  of  the  concentrates  on  tables  seems  to  be  the  most 
feasible  method  of  separating  the  lead  and  iron  sulphides  from  the 
zinc  blende  and  could  be  cheaply  done.  A  small  diaphragm  pump, 
operated  in  closed  circuit,  could  be  used  to  return  the  tailings  from  the 
tables  to  the  flotation  system.  This  method  of  treatment  has  given 
satisfactory  results  in  some  of  the  local  mills.  The  froth  from  the 
concentrates  is  largely  *' killed"  by  spraying  with  water,  or  by  some 
other  effective  means,  before  it  reaches  the  table.  The  ease  with 
which  the  froth  is  killed  depends  largely  upon  the  oil  mixture  or 
frothing  agent  used. 

EXPERIMENTS  WITH  DIFFERENT  OILS. 

The  composition  of  the  gangue  of  the  Joplin  ores  varies  somewhat 
as  does  the  mineral  content  of  the  ores.  Consequently,  although 
many  oib  are  available  that  give  acceptable  results,  there  is  no  one 
oil  or  certain  quantity  of  oil  that  imder  the  same  operating  conditions 
will  give  the  best  possible  results  for  all  the  lead  and  zinc  ore  of  this 
district.  Hence  the  best  oils  or  the  best  mixture  to  use  must  be 
determined  by  experiment. 

The  Bureau  of  Mines,  in  cooperation  with  the  Missouri  geological 
survey,  started  flotation  experiments  in  the  Joplin  district  in  the  latter 
part  of  the  year  1914  and  continued  them  until  the  spring  of  1915. 
In  the  first  experiments  different  oils  were  tried  in  varying  quantities 
to  decide  which  oil  was  most  suitable.  When  this  point  had  been  de- 
termined, similar  tests  were  made  with  the  addition  of  sulphuric  acid 
in  varying  quantities.  The  effect  of  temperature  was  then  consid- 
ered. 

The  results  of  these  tests  indicated  that  separation  of  the  sulphides 
from  the  gangue  in  ores  of  this  district  by  flotation  is  not  difficult,  and  that 


OBE-lteESSING  PBAOnOE.  107 

a  fairly  good  grade  of  concentrate  can  be  obtained  by  the  use  of  rougher 
and  cleaner  cells.  The  use  of  oils  with  a  coal-tar  base  gave  a  high 
recorery,  but  a  low  grade  of  concentrate,  a  consideragle  amount  of 
gangue  being  entrained  in  the  froth.  Other  oils  gave  a  higher  grade 
of  concentrate,  but  not  as  good  a  recovery  under  like  conditions. 
The  best  results  were  obtained  with  wood  creosote  and  pine  oils.  As 
coal  tar  and  some  petroleum  products  are  good  collectors  and  pine 
oil  and  other  suitable  oils  from  wood  distillation  are  good  frothing 
agents,  a  mixture  of  80  per  cent  coal  tar  and  20  per  cent  pine  oil 
or  wood  creosote,  or  some  other  combination  of  these  oils,  would 
seem  to  be  best  suited  to  the  treatment  of  the  Joplin  ores  by  flotation. 
Also,  several  tests  were  made  with  mixtures  of  turpentine  and 
rosin.  The  rosin  was  dissolved  in  the  turpentine  in  proportions  of 
10,  20,  and  30  per  cent,  respectively.  Most  of  the  tests  were  rough- 
ing tests  to  determine  what  grades  of  concentrate  and  what  per- 
centages of  recovery  could  be  made  with  these  mixtures.  The  20 
and  30  per  cent  mixtures  gave  the  best  results,  both  as  to  grade  and 
recovery.  When  1  to  5  pounds  of  mixture  was  used  per  ton  of  ore 
treated  in  an  acid  pulp  of  about  5:1  thickness  (water  to  solids),  the 
rough  concentl'ates  varied  from  37  to  56  per  cent  in  zinc  content,  and 
zinc  recoveries  from  50  to  80  per  cent.  In  most  tests  the  higher  the 
grade  of  concentrate  obtained  the  lower  was  the  recovery.  How- 
ever, the  relatively  low  recoveries  may  be  considered  good  in  view  of 
the  low  zinc  content  of  the  heads,  which  assayed  1.05  to  2.18  per  cent 
zinc.  It  is  believed  that  with  richer  feeds  much  higher  recoveries 
could  have  been  obtained. 

TE8T8  AT  SALT  I.AKE  CITY  STATION. 

To  verify  the  data  obtained  from  this  preliminary  work,  slimes 
produced  in  a  mill  treating  ore  from  one  of  the  sheet-ground  mines 
near  Webb  City,  Mo.,  were  shipped  to  the  experiment  station  of  the 
Bureau  of  Mines  at  Salt  Lake  City,  Utah,  where  the  biureau,  in  co- 
operation with  the  University  of  Utah,  has  been  conducting  flota- 
tion experiments.  The  results  of  the  experiments,  which  were  per- 
formed by  O.  C.  Ralston  and  G.  L.  AUen,  are  presented  in  Tables  37 
and  38,  following.  They  show  that  the  sphalerite  can  be  floated  from 
the  gangue  with  comparative  ease  by  using  warm  solutions  and  about 
1  pound  of  any  suitable  oil,  either  from  wood  or  coal  distillation,  per 
ton  of  ore,  and  that  acidifying  the  pulp,  although  it  does  not  seem  to 
be  necessary,  permits  the  froth  and  tailing  to  separate  more  quickly. 
Cold  solutions  gave  as  high  recoveries  as  warm  solutions,  but  the 
grade  of  product  was  not  as  good. 
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Table  37. — RenUts  of  roughing  tests  in  flotation  of  slimes  from  sheet-ground  onfl 

[ConditioDfl  of  tests:  Assay  of  slimes  tested,  8.54  per  cent  sdnc,  0.51  per  cent  lead,  0.7 
per  cent  iron;  charge  used  in  each  test,  500  grams,  with  1,500  to  2,500  c.  c.  of  water; 
temperature  of  pulp,  60^  C,  except  in  test  9,  where  it  was  2^)°  C. ;  length  of  agitation, 
18  minutes.] 

VARYING  ACID  CONTENT. 


Acid 

Test 

osed. 
poonds 

No. 

per  ton 

of  ore 

treated. 

1 

7.36 

2 

14.72 

8 

36.8 

4 

73.6 

Oflused. 


Kind. 


Pine  ofl 

do., 

do. 

do.. 


Quantity, 

pounds 

per  ton 

of  ore 

treated. 


1.37 
1.37 
1.37 
1.37 


Weight 
of  froth, 
grams. 


105.5 
96.5 
95.5 

loao 


Grade 
of  con- 
centrate, 
percent 

sine. 


35.9 
39.3 
3&9 
38.8 


Peroent- 

a0B  of 

sine 

recovery. 


8&8 
88.8 
87.0 
91.0 


Bemaiks. 


Distinct  froth  line. 


VARYING  OIL  CONTENT. 


TWt 
No. 


6 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Oil  used. 


Kind. 


Pine  ofl 

do 

do 

do 

do 

Crude  cedar  oil 

Special  pine-tmr  oil . 

Wood  creosote 

Coal  creosote 


Eucaljrptusoil. 


Quantity, 
pounds 
per  ton. 


a5 
1.0 
2.0 
4.0 
1.0 
2.5 
1.8 
1.7 
2.0 

1.7 


Weight 

of froth, 

grams. 


104.5 
86.5 

103.5 
94.0 

12a  5 
93.5 
73.5 
93.0 
78.0 

iiao 


Grade 
of  con- 
centrate, 
percent 

sine 


36.5 
43.2 
36.2 
39.7 
31.6 
40.1 
49.6 
4a8 
46.8 

34.2 


Percent- 
age of 
sine  ex- 
traction. 


89.5 
87.5 
87.8 
87.5 
89.2 
87.8 
85.5 
89.0 
85.8 

88l2 


Remarks. 


Gold  solution  used  (20*  C). 
Rapid  separatlm. 
Very  rapid  sepaiatfeo. 
Strong  myth. 
Strong  froth,  rapid  sepanr 

tion. 
Strong  froth. 


Samples  of  each  froth  from  the  roughing  tests  were  iaken^,  and  the 
rest  was  saved  for  cleaning  tests.  All  of  the  roughing  froths  combmed 
made  enough  material  for  two  cleaning  tests,  the  results  of  which 
were  as  follows: 


Table  38. — Results  of  cleaning  tests  with  froth  from  roughing  tests  fl 

TEST  1. 

Quantity  of  froth  used grains. .  500 

A.B8ay  of  head: 

Zinc  content per  cent. .    39. 8 

Lead  content do 1. 3 

Quantity  of  product grains. .  366. 5 

Assay  of  product: 

Zinc  content per  cent. .    5L  7 

Lead  content do 2. 35 

Percentage  of  recovery do 95. 3 

a  Tests  by  O.  C.  Ralston  and  Q.  L.  Allen, 
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TXSTi. 

Quantity  of  froth  used gramfl. .  479 

Aaeay  of  hea4: 

Zinc  content per  cent. .  39. 8 

Lead  content do. ...  1. 3 

Quantity  of  products: 

Froth grams. .  346 

Middling do 47 

Tailing do 77 

Assay  of  products: 
Zinc  content  of — 

Froth per  cent. .  51. 6 

Middling do ... .  13. 5 

Tailing do 1. 0 

Lead  content  of — 

Froth do 2. 04 

Middling do ... .  2.  66 

Tailing do 0. 04 

Percentage  of  recovery: 

.      Froth do 93.  2 

Middling do ... .  3. 3 

Tailing do 4. 0 

DISCUSSION   OF  RESULTS   OF  TESTS. 

Tests  1  to  4,  Table  37,  were  made  to  determine  the  effect  of  different 
quantities  of  acid  on  the  percentage  of  recovery,  the  grade  of  concen- 
trate, and  the  sharpness  of  the  line  of  separation  between  the  yellow 
froth  and  white  tailings,  the  quantity  of  oil  used  being  constant.  The 
results  indicate  that  the  quantity  of  acid  used  has  little  effect  upon 
either  the  grade  of  concentrate  or  the  percentage  of  recovery,  but  it 
was  found  that  the  line  of  separation  between  concentrate  and  tailing, 
as  seen  through  the  glass  side  of  a  laboratory  machine,  is  much 
sharper  and  more  quickly  defined  when  a  large  quantity  of  acid  is 
used. 

The  next  four  tests,  Nos.  5  to  8,  were  run  with  varying  amounts  of 
oil,  some  acid  having  been  added  to  permit  the  experimenters  to  see 
the  froth  and  tailing  separate  more  quickly  and  to  clean  the  surfaces 
of  the  sulphide  particles.  No  distinct  effect  was  observed  except  that 
the  use  of  1  pound  of  oil  per  ton  of  material  treated  seemed  to  give  the 
highest  grade  of  concentrate.  Test  9  was  run  to  parallel  test  6,  ex- 
cept that  a  cold  pulp  at  20°  C.  was  used  in  place  of  the  warm  pulp  at 
60^  C.  tests.  The  lower  grade  of  the  froth  in  test  9  indicates  that  the 
froth  and  tailing  separate  more  readily  at  the  higher  temperatures. 
Tests  10  to  14  were  run  with  various  kinds  of  oils. 

After  the  froth  concentrates  had  been  sampled,  they  were  mixed 
together,  and  the  two  tests  shown  in  Table  38  were  run,  the  flotation 
ceU  being  used  as  a ' '  cleaner"  unit.  The  previous  tests  had  been  run 
with  the  ceU  as  a  ^'rougher"  unit,  with  a  high  recovery  of  zinc  as  the 
end  in  view.  In  cleaning  the  rougher  froth  a  concentrate  of  high  zinc 
tenor  should  be  the  aim,  but  these  tests  were  carried  to  nearly  com- 
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plete  removal  of  the  zinc.  Hence  only  a  small  amount  of  middling 
was  left  for  returning  to  the  rougher  cell,  and  the  concentrates  were 
perhaps  not  as  high  in  zinc  as  could  have  been  obtained  by  returning 
a  lai^r  quantity  of  middling. 

OONCLirSIONS  AS  TO  FLOTATION  OF  JOPLIN  OBBS. 

The  use  of  rougher  and  cleaner  units  of  flotation  cells  seems  essen- 
tial in  flotation  of  Joplin  ores  in  order  to  obtain  a  high  recovery  and 
have  the  concentrates  of  acceptable  grade. 

In  the  flotation  experiments  made  in  the  Joplin  district,  the  thick- 
ness (ratio  of  soUds  to  water)  of  the  pulp  treated  ranged  from  1  : 3  to 
1:7.  In  practice  the  most  favorable  ratios  for  different  materials 
would  have  to  be  determined  by  experiment.  Generally  a  mixture 
of  fine  material  and  slimes  requires  a  denser  pulp,  whereas  for  treating 
a  mixture  consisting  wholly  of  slimes  (finer  than  200-me8h)  the  use  of 
a  thinner  pulp  is  desirable.  Thickening  of  the  slimes  as  produced  in 
the  mills  of  this  region  would  be  necessary.  This  could  be  accom- 
plished by  the  use  of  Dorr  thickeners  or  some  other  device  that  would 
give  the  flotation  machines  a  xmiform  feed  of  constant  density. 

The  addition  of  acid  may  not  be  absolutely  essential  for  all  the  ores 
of  this  district,  although  the  local  tests  showed  that  a  small  quantity 
of  acid  is  desirable,  especially  in  cleaning  the  rougher  concentrates. 
It  was  also  found  that  when  acid  was  not  used  sodium  carbonate  was 
beneficial  in  assisting  the  selective  action  of  the  oil  or  oil  mixture, 
thus  raising  the  grade  of  concentrate  produced. 

In  conclusion,  the  problems  to  be  solved  in  the  application  of 
flotation  to  the  ores  of  this  region  may  be  summarized  as  follows: 
(1)  The  quantity  of  material  available  for  treatment  by  flotation 
without  further  crushing;  (2)  the  possibility  of  regrinding  certain 
products  from  the  various  stages  in  concentration  in  the  present 
milling  practice;  (3)  the  oils,  oil  mixtures,  or  frothing  agents,  best 
suited  to  the  material  to  be  treated;  (4)  the  effect  of  the  acid  waters 
present  in  some  of  the  mines  of  the  district. 

CHABACTEB  OF  COVCEirTRATES  PBODVCED. 

Zinc  concentrates  in  the  Joplin  district  assay  50  to  63  per  cent 
metallic  zinc,  whereas  the  lead  concentrates  contain,  on  the  aver- 
age, 75  to  80  per  cent  lead.  The  average  assay  for  the  zinc  concen- 
trates for  the  district  is  about  57  to  58  per  cent  zinc,  although  the 
zinc  concentrates  produced  from  sheet>^ound  ore  and  from  some 
of  the  new  mines  in  Oklahoma  and  Kansas  often  run  2  to  3  per 
cent  higher.  The  content  of  impurities  varies.  Some  concentrates 
may  contain  0.1  to  5  per  cent  iron  and  0.1  to  2  per  cent  lead  and  some 
lots  contain  small  proportions  of  lime.  To  show  more  fully  the  com- 
position of  the  zinc  concentrates  the  following  analyses  by  W.  G. 
Waring,  of  Webb  City,  Mo.,  are  given  in  Tables  39  to  43 : 
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Ill 


Table  3d. — RenUts  of  analysis  of  composite  sample  of  3,800  shipment  his  of  Joplin 

zine-blende  concentrates  sold  in  1904. 

Per  cent. 

Zinc 58.  260 

Cadmium 304 

Lead 70 

Iron 2. 23 

Copper 049 

Sulphur 30. 42 

Manganese 01 

Silica 3. 95 

Barium  sulphate 82 

Calcium  carbonate L  88 

Magneedum  carbonate 85 

99.773 

Table  40. — Analyses  of  products  showing  degree  of  separation  attained  in  jigging  zinc 
blende  from  calamiru  in  mixed  ore/rom  the  same  mine.     Wenttoorth  district. 


CoDStitaent. 

Zinc  blende. 

Calamine. 

Sample  1. 

Sample  3. 

Sample  1. 

Sample  2. 

Totol  line  (Zn) 

Percent. 
56.4 
30.8 
1ft.  6 
2.3 
0.45 
Traoe. 
0.34 
11.67 

Percent. 
58.4 
40.1 

las 

3.4 
0.15 
Trace. 
0.52 

Percent, 

57.3 

18.3 

33.1 

1.5 

a43 

Percent. 
51.80 

Ztnc  as  ZnS . . .' ^ 

8.65 

ZincasZnSiOi 

Fe 

43.15 
1.3 

CaO 

a40 

MgO 

pf :...::::..:.:::.::::::::::::::::::.:::.:.::::::::::::::: 

Insoluble 

S 

1 

Table  il. — Analysis  of  product  from  mill  treating  calamine  ore.     Princeton  district. 

Per  cent. 

Zinc(Zn) 40.0 

Iron  ( Fe) 0.  8 

Lime  (CaO ) 4. 05 

Magnesia  (MgO) L  44 

Lead(Pb) 

Insoluble 

Sulphur  (S) 1. 43 

Table  42. — Analyses  of  lead  concentrates  from  mill  treating  lead  and  zinc  ore,  Granhy 


district. 

Pb  (total) per  cent. 

Zn do.. 


Fe. 


.do. 


PbCOa do. 

PbS04 do. 

Insoluble do . 


Sample  1.  Sample  2. 
74. 3  80. 0 

5.2  5.16 

4. 2  3. 9 

6. 5 


L3 


A  tabular  summary  showing  the  highest,  lowest,  and  average 
assays  of  426  shipments  of  lead  and  zinc  concentrate  from  34  chief 
producing  mines  in  the  Jophn  district  (including  7  Miami,  Okla., 
mines)  during  January,  February,  and  March,  1916,  is  presented 
m  Table  43. 
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VASDUSGt   OF   COVCEITTBATES  AlTD   POSSIBLE   CAUSES   OF 
DEPBECIATIOir  IS  WEIGHT  DUBIira  SHIPMEITT. 

The  finished  products  from  the  milk  are  stored  in  bins  jnst  outside 
of  the  mill.  After  the  concentrate  has  been  sold  it  is  shoveled  into 
wagons  and  hauled  to  the  shipping  point,  the  hauling  and  freight 
charges  being  paid  by  the  smelter  or  buyer. 

It  would  be  practically  impossible  to  determine  definitely  the  loss 
m  weight  of  lead  and  zinc  concentrates  from  the  time  they  leave  the 
mine  or  mill  imtil  they  reach  their  destination,  because  of  the  many 
factors  that  may  cause  such  loss. 

The  chief  cause  of  this  depreciation  in  weight/  is  loss  of  moistiu'e. 
The  moisture  loss,  however,  depends  on  the  kind  of  ore  from  which 
the  concentrates  were  derived,  whether  for  zinc  concentrates,  from 
silicate,  carbonate,  or  sulphide  ore ;  whether  the  concentrates  are  coarse 
or  fine;  the  moisture  content  at  the  start;  the  distance  and  time  in 
transit;  the  weather  conditions;  and  the  season  of  the  year  in  which 
the  shipment  is  made.  In  winter  the  concentrates  hold  moisture 
longer  tiian  in  summer.  Shrinkage  in  weight  through  loss  of  moisture 
is  generally  more  marked  in  fine  than  in  coarse  concentrates,  partly 
because  of  the  usually  higher  moisture  content  before  shipment. 

From  a  number  of  cars  of  medium  coarse  concentrates  of  zinc 
sulphide  shipped  during  the  months  of  December  and  January  from  a 
certainmineto  the  smelter  a  distance  of  about  440  miles,  the  deprecia- 
tion in  weight  by  evaporation  of  moisture  in  transportation  was 
found  to  be  1.4  per  cent.  This  difference  no  doubt  would  have 
been  greater  if  the  concentrates  had  been  shipped  during  the  summer. 
Moreover,  the  loss  in  moisture  depends  on  the  time  the  concentrate 
is  in  trardsit  from  the  mill  to  the  smelter  and  the  weather  conditions 
en  route.  The  following  averages  of  moisture  content  of  zinc  con- 
centrates, figured  from  10  samples  for  each  month,  during  the  fiscal 
year  1914  to  1915  as  shipped  to  the  smelter,  maybe  of  interest: 

Average  moisture  content  of  zinc  concentrates  for  12  months. 

Moisture  content, 
1914.  per  cent. 

July.^ 3.07 

August 3.39 

September 3. 16 

October •. 3.  56 

November 3.  52 

December 3.  53 

1915. 

January 3.  91 

February 4 .  22 

March 3.30 

April 3.69 

May 3.93 

June 3.47 

Note. — ^A  great  deal  of  rain  fell  during  the  months  of  May  and  June,  1915,  in  con- 
trast to  the  fairly  dry  month  of  June,  1914,  when  the  average  moisture  content  was 
2.91. 
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Other  causes  of  loss  of  weight  in  the  shipment  of  concentrates 
from  the  mine  or  mill  to  the  smelter  are  in  hauling  the  material 
from  the  mill  to  the  shipping  cars,  in  loading  and  imloading  the  cars, 
and  during  rail  transportation.  Some  ore  buyers  have  stated  that 
the  depreciation  in  weight  during  transportation  from  causes  other 
than  the  loss  of  moisture  may  amount  to  0.5  per  cent  or  less,  whereas 
others  claim  that  the  Icfss  is  slight  and  that  the  net  weights  of  the 
concentrates  at  the  mine  or  mill  and  at  the  smelter  usually  check  iu 
the  long  run. 

Also  differences  in  weights  have  been  found  to  be  due  to  the  use 
of  inaccurate  scales  either  at  the  mine  or  mill  or  at  the  smelter.  To 
avoid  difficulties  from  lack  of  agreement  in  the  weight  as  determined 
from  the  scales  at  the  mine  or  smelter  and  as  determined  by  the  rail- 
roads, the  cars  should  always  be  weighed  before  loading,  as  the  tare 
of  a  car  will  change  in  time  through  wear  or  through  repairs,  etc. 

The  preceding  statements  show  how  difficult  it  would  be  to  obtain 
exact  data  regarding  the  depreciation  in  weight  of  concentrates 
during  transit.  The  only  method  of  procedure  to  foUow  in  obtain- 
ing such  data  would  be  to  take  the  matter  up  directly  with  the 
different  smelters  and  from  their  figures  calculate  the  differences  in 
net  weight  of  mineral  content  over  a  period  of  two  or  three  years: 
and  then  to  distribute  this  loss,  as  nearly  as  possible,  to  the  various 
causes  along  the  entire  route  of  transportation. 

Depreciation  or  change  in  assay  value  during  transportation 
owing  to  chemical  reaction  of  the  ore  or  to  any  foreign  material 
being  mixed  with  the  ore,  is  believed  to  be  slight,  if  any. 

DISPOSAL  OF  TAILIiraS. 

Usually  throughout  the  region  the  tailings  from  the  mills  arc 
piled  near  the  mills  by  means  of  elevators  and  launders.  As  a  pile 
of  tailings  increases  in  height  the  tailings  from  the  launder  are  directeti 
into  the  boot  of  another  elevator  and  raised  again  as  shown  in  Plate 
XV,  A.  Other  means  have  been  tried,  such  as  belt  conveyors  and 
trams,  but  elevators  seem  to  find  favor  among  most  of  tlie  operators. 

Except  for  a  few  of  the  older  and  richer  piles,  the  tailings  are  rarely 
retreated.  This  is  especially  true  of  taiUngs  from  the  sheefrground 
mines  where  the  lead  and  zinc  content  of  the  ore  is  relatively  low. 
Tailing  piles  of  any  considerable  size  are,  as  a  rule,  purchased  by  the 
railroads  for  use  as  road  ballast.  The  tailings  are  usually  loaded  by 
means  of  steam  shovels,  as  shown  in  Plate  XVI,  or  the  tailings  from 
the  mill  may  be  permitted  to  flow  directly  through  laimders  into 
railroad  cars. 


A.    METHOD  OF  DISPOSING  OF  TAILINGS. 


B.    CONVEYING  TAILINGS  INTO  MILL  WITH  BUCKET  ELEVATOR  FOR  RE-TREATMENT. 
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BBTBSATMENT  OF  TAHJNGS. 

In  the  retreatment  of  tailings,  certain  conditions  are  essential  to 
insure  a  good  recovery  of  the  mineral  content.  A  few  tailing  piles 
have  yielded  good  profits,  but  many  piles  have  been  retreated  without 
sufficient  testing  previous  to  retreatment  to  determine  the  character 
of  the  material  and  the  mineral  recovery  possible.  Screen  analyses  of 
representative  samples  and  assays  of  the  screen  products  are  necessary 
in  determining  the  value  of  a  tailing  pile  and  the  kind  of  equipment 
necessary  for  obtaining  the  best  residts.  Screen  analyses  and  assays 
of  samples  taken  from  many  different  tailing  piles  throughout  the 
district  have  shown  that  the  recoverable  values  were  in  the  finer  size 
material,  whereas  others,  where  the  ore  treated  was  chatty,  showed 
the  values  in  the  coarser  sizes.  Screen  analyses  of  tailings  for  retreat- 
ment will  show  whether  the  tailings  need  fine  grinding  or  whether  only 
a  system  of  screening  will  be  necessary. 

Chemical  analyses  of  various  screen  products  of  tailings  taken  from 
the  interior  of  tailing  piles  have  shown  the  presence  of  zinc  in  the 
form  of  sulphate.  This  is  especially  true  where  the  mine  waters  have 
been  acid,  containing  free  sulphuric  acid,  and  the  tailing  piles  have 
been  standing  for  several  years.  Although  not  enough  tests  were 
made  to  determine  the  proportion  of  the  total  zinc  in  the  tailings  as 
sulphate  or  as  oxide,  it  would  be  well  to  determine  by  thorough 
sampling  and  assaying  the  form  in  which  the  zinc  is  present,  especially 
for  tailings  from  mines  where  the  mine  water  has  been  acid  and  for 
tailing  piles  which  show  marked  oxidation  on  the  surface.  Zinc 
sulphate  is  not  only  soluble  in  water  but  its  specific  gravity  is  less 
than  that  of  flint.  Some  of  the  zinc  may  have  been  leached  out  of 
the  tailing  pile.  Such  preliminary  precautions  might  save  an  operator 
the  investment  of  a  tailing  mill. 

Plates  XV,  Bj  and  XVII  show  two  methods  of  bringing  the  tailings 
into  the  mill  for  retreatment.  The  method  shown  in  Plate  XVII 
is  the  one  most  commonly  used. 

Screen  analyses  and  assays  of  screen  products  of  samples  taken 
from  fairly  rich  and  relatively  old  tailing  piles  are  shown  in  Tables 
44  to  46  following.  The  tailing  piles  represented  in  Tables  44  and  45 
were  being  retreated,  but  not  more  than  1.5  tons  of  concentrate,  on 
the  average,  per  100  tons  of  tailings  treated  was  being  produced  in 
either  mill,  which  shows  that  poor  zinc  recoveries  were  being  made. 
Finer  grinding  should  have  been  done  and  the  mills  should  have  been 
properly  equipped  for  treating  the  fine  material.  Table  46  represents 
a  pile  that  would  not  pay  to  retreat  under  present  conditions. 
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Tablb  44. — Screen  andliyaeM  of  represeniative  eamplee  taken  from  tailing  pHe  in  Wat 

Joplin  dietrict. 

A,    SAliPLES  TAKEN  FROM  TOP  OF  PILE. 


SlMOf 
XUflSll. 

SUe  of  screen  openings. 

Percentage 
of  weight. 

Zinc  assay, 
per  cent. 

Percentage 

of  total 

dnc 

Mm. 

Inch. 

8 

10 

85 

200 

<200 

Total 

6.680 

1.651 

.833 

.074 
.074 

or  liwraee... 

0.283 
.065 
.0328 
.0020 
.0020 

2.85 
64.0 
12.65 
13.95 

5.65 

2.4 
3.4 
2.9 
4.6 
4.7 

1.9 
62.1 

las 

18.2 
7.5 

100.00 

8.65 

100.0 

B.    SAMPLES  TAKEN  FROM  MIDDLE  OF  PILE. 


3 

6.680 

0.263 

6.0 

L7 

2.5 

10 

1U»1 

.065 

7a  4 

4.5 

78.25 

86 

.833 

.0328 

10.55 

2.7 

7.06 

200 

.074 

.    .0020 

0.15 

3.0 

6.76 

<200 

Total 

.074 
or  average**. 

.0020 

3.0 

5.7 

6.45 

100.0 

4.05 

100.00  . 

C.    SAMPLES  TAKEN  FROM  BOTTOM  OP  PILE. 


3 

6.680 

0.263 

12.0 

2.2 

13.1 

10 

L651 

.065 

56.25 

2.3 

50.4 

35 

.833 

.0328 

12.1 

L7 

9.45 

200 

.074 

.0020 

14.45 

1.8 

11.95 

<200 
Total  ( 

.074 
or  averaeo... 

.0020 

4.3 

3.1 

6.1 

100.00 

2.17 

100.00 

Tablb  45. — Screen  analysis  of  representative  sample  taken  from  tailing  pile  ui  Galena 

district. 


Slseof 
mesh. 

Slio  of  screen  openings. 

Percentage 
of  weight. 

Zinc  assay, 
percent. 

Percentage 

of  total 

Kino. 

Mm. 

Inch. 

3 

10 

35 

200 

<200 

Total 

6.680 

1.651 

.833 

.074 

.074 

or  average... 

0.263 
.065 
.0328 
.0029 
.0029 

22.05 
48.7 
10.5 
14.65 
3.2 

2.0 
2.2 
2.5 
3.6 
4.3 

18.65 
43.6 

ia7 

2L45 
5.6 

100.00 

2.45 

loaoo 

Tablb  46.—- 


Screen  analysis  of  representative  sample  taken  from  tailing  pUe  in  Protperity 

district. 


Size  of 
mesh. 

Siae  of  screen  openings. 

Percentage 
of  weight. 

Zinc  assay, 
percent. 

Percentage 

of  total 

sine. 

Mm. 

Inch. 

8 

10 

35 

200 

<200 

Total 

6.680 

1.651 

.833 

.074 

.074 

0.263 
.065 
.0328 
.0029 
.0020 

24.7 
45.2 
12.15 
14.0 
3.05 

0.0 

.0 

.4 

LO 

2.2 

24.9 
45.5 

5.45 
16.7 

7.45 

100.00 

0.89 

loaoo 
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LABOR  CONDITIONS. 

Nearly  all  the  miners  and  surface  men  in  the  Joplin  district  are 
American  bom.  As  a  rule  they  are  efficient  and  intelligent,  and 
readily  pick  up  new  ideas  whenever  they  are  given  the  opportunity. 

The  shift  for  underground  work  in  the  mines  is  8  hours,  whereas 
the  mill  shifts  are  10  hours  each.  When  a  mine  has  been  well 
developed  a  single  underground  shift  can  often  break  enough  ore  to 
keep  the  mill  running  during  two  10-hour  shifts.  A  few  of  the  larger 
companies  are  now  running  their  mills  three  8-hour  shifts  rather 
than  two  10-hour  shifts.  It  is  believed  that  this  plan,  if  followed, 
will  in  many  cases  make  for  greater  efficiency  in  both  mining  and 
milling. 

In  1916  the  average  scale  of  wages  paid  to  the  miners  in  this 
district  was  based  on  a  sliding-scale  basis  of  a  25-cent  increase  or 
decrease  for  every  $10  increase  or  decrease  in  the  average  base  price 
for  60  per  cent  zinc  concentrates  covering  a  period  of  one  month. 
The  following  table  shows  the  wages  paid  to  the  men,  according  to 
their  occupation,  based  on  the  average  price  for  60  per  cent  zinc 
concentrates  between  $80  and  $90  per  ton. 

Table  47. — Sliding  scale  of  wages  based  on  an  f80  to  f90  base  price  for  60  per  cent  zinc 

concentrates.^ 
Underground  men: 

Powder  man .' $4. 00 

Powder  man  helper 3. 50 

Tub  hooker 4. 00 

Drill  man 3.  75 

Drill  man  helper 3. 25 

Drill  man,  tripod 4. 00 

Drill  man  helper,  tripod 3. 50 

Trackman - 3. 75 

Trackman  helper 3. 26 

Tub  runner 2.  75 

Bnmo  man^ 2. 75 

Roof  man 3.  75 

Shovelers,  9  to  10  cents  per  tub  (1,000  pounds),  average  wage  per  day. .  4. 00-4. 50 

Pump  man 3. 25 

Surface  men: 

Hoiat  man,  shaft 4. 00 

Hoist  man,  tram 2. 75 

Cull  hand 2.  80 

Crusher  feeder 3. 20 

Jig^man  helper 3. 75 

Sludge  man  (running  tables): 

10-hour  shift 3. 20 

8-hour  shift 2. 95 

Engineer 3.  75 

Roustabout 2.  80 

•  Baaed  on  figures  given  in  the  Engineering  and  Mining  Journal,  vol.  101, 1916,  p.  751. 
^  Term  (or  miner  who  pulls  down  fine  ore  piled  in  a  stope. 


118 


MINING  AND  MILUNQ  OP  LEAD  AND  ZINC  OBBS. 


COST  DATA. 

To  obtain  average  detail  costs  of  mining  and  milling  operations 
in  this  district  would  be  difficult,  as  each  company  has  its  own  system 
of  keeping  costs,  and  the  mining  conditions  di£Per  somewhat.  Most 
of  the  larger  companies  keep  detailed  cost  accounts,  whereas  others, 
usually  at  the  smaller  mines,  keep  only  general  costs.  Three  ex- 
amples of  itemized  cost  data  are  given  in  Tables  48  to  50.  These 
cost  data  are  for  relatively  large  mines  that  have  been  operating 
for  some  time  and  can,  therefore,  be  considered  somewhat  lower  than 
the  average  throughout  the  district.  In  the  new  zinc  fields  that  have 
recently  been  opened  up  near  Tar  River  and  Picher,  Okla.,  the 
TTiining  and  Tnilling  costs  are  considerably  higher  than  those  in  the 
tables,  ranging  from  $1.50  to  $2.50  per  ton;  but  due  to  the  higher 
lead  and  zinc  content  the  costs  per  ton  of  concentrates  produced  are 
much  lower,  at  present  averaging  $20  to  $30  per  ton. 

Table  48. — Mining  and  milling  costs  of  a  representative  sheet-ground  mine  in  the  Webb 

City-Cartennlle  district. 


Item. 


Mining  costs  (costs  per  ton  of  ore  mined]: 

Ground  boss 

Drilling «... 

Blastix^ 

Roof  tnznming 

Loadlnc 

Conveymg  to  shaft 

Hoisting 

Lighting 

Mtscellaneous  (superintendence,  insurance,  etc.) 

Total  mining  cost 

Milling  costs  (costs  per  ton  of  ore  milled]: 

caung 

Crushmg 

Elevating 

Jigzing 

Tabling 

Water 

Power 

Mboellaneous  (superintendence,  insuranoe,  etc.) 

Total  milling  cost .• 

Total  mining  and  milling  costs  (costs  per  ton  of  ore  mined]: 

Mining 

MilUne 

Pumpmg 

Miscellaneous 

(General  administrative 

Total  mining  and  milling 

Total  cost  per  ton  of  concentrates  produced 

Quantity  of  concentrates  produced,  per  100  tons  of  ore  mined  and 
milled: 

Lead  conoentrates 

Zinc  conoentrates 

Total  concentrates 


19U 


10.0102 
.1027 
.1721 
.0111 
.1509 
.0705 
.0307 
.0070 
.0200 


.0721 


.0195 
.0448 
.0402 
.0318 
.0304 
.0070 
.0270 
.0202 


.2278 


.0721 
.2240 
.0687 
.0623 
.0308 


1.0478 


33.3750 

Tons, 
1.0100 
2.1285 


3.1304 


1015 


I0.0U7 
.2006 
.1867 
.0160 
.2125 
.1100 
.0406 
.0002 
.0403 


.8843 


.0120 
.0322 
.0430 
.0358 
.0420 
.0060 
.0201 
.0220 


,2220 


.8843 
.2214 
.0507 
.0307 
.0252 


1.2123 


44.0613 

Tom. 
0.0423 
L7528 


2.0051 


1016 


10.0119 
,2735 
.1782 

.om 

.2317 
.1427 

.0487 
.0052 
.0711 


.9622 


.0107 
.0376 
.0393 
.03g7 
.0372 
.0063 
.0306 
.0257 


.2300 


.9822 
.2255 
.0443 
.0240 
.0435 


1.3195 


51.ftv5S 

0.96» 
I.5N86 


2.55:^ 
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Table  49. — Mining  and  milling,  costs  of  a  sheet-ground  mine  in  which  mining  consists 

principally  in  ^^  taking  up  stope" 

[Cost  per  ton  of  ore  jnlned.] 


Item. 


Mioingcosts: 

Labor,  without  shoveling. 


Labor,  shoveling. 
Salaries.... 
Explosives. 
Fuel 


Liability  insurance 

Compensation  for  injuries  to  employees . 

Water 

Lubricating;  oil 

Repairs,  supplies,  and  sundries 


Total  mining  cost , 


Milline  costs 


gcos 

UMV. 


La1 

Salaries. 
Hard  iron. 
Belting... 
Fuel 


Inability  insurance 

Compensation  for  injuries  to  emplovces . 

Water 

Lubricating  oil 

Repairs,  supplies,  and  sundries 


Total  milling  costs. 


Total  mining  and  milling  costs 

Total  cost  per  ton  of  concentrates  product'd 

Quantitv  of  concentrates  produced  per  100  tons  of  ore  mined  and 
milled: 

Lwd  concentrates 

Zinc  concentrates , 


Total  concentrates. 


1914 

1915 

1916 

10.2621 

Sai667 

ia2558 

.1362 

.1713 

.1802 

.0215 

.0117 

.0132 

.2036 

.0820 

.1464 

.0537 

.0848 

.0471 

.0159 

.0146 

.0196 

.0028 

.0111 

.0020 

.0077 

.0043 

.0047 

.0073 

.0041 

.0046 

1     .Olio 

.0315 

.0468 

«.  7518 

.5411 

.7204 

.0«25 

.1062 

.1298 

.0215 

.0117 

.0132 

.0327 

.0266 

.0297 

.0228 

.0063 

.0112 

.0258 

.0190 

.0206 

.0a33 

.0046 

.0058 

.0001 

.0008 

.0005 

.0077 

.0044 

.0017 

.0028 

.0022 

.0017 

.0309 

.0296 

.0436 

.2301 

.2133 

.2608 

o.  9819 

.7544 

.9812 

26.360 

50.1940 

55.3083 

Tons. 

TofOt. 

Tom. 

0.5922 

0.0785 

0. 1014 

3.1326 

1. 4244 

1.6726 

3.  7248 

1.5029 

1.7740 

<*  In  1914  both  headint;  and  stope  were  being  mined  with  a  much  smaller  tonnage,  hence  costs  were  rola- 
tlvcly  higher  than  in  1915. 

Table  50. — Mining  and  milling  costs  of  a  representative  mine  in  the  Commerce  district, 

Okla. 

[Costs  per  ton  of  ore  mined.] 


Item. 


Oroond  labor , 

Power ... 

Timber 

Powder 

MUl  labor '. ['.'....[.['.[.[..]..[.[."'./..[.]]]"] '.] 

Millfuel 

Mill  supplies , 

Shop  labor , 

Shop  supplies , 

Top  labor 

Pumping , 

fjeneral  expenses  (including  overhead) 

Total  mining  and  milling  cost 

Total  cost  per  ton  of  concentrates  produced 

Quantity  of  concentrates  produced  per  100  tons  of  ore  mined  and 

Lead  concentrates 

Zinc  concentrates 


1914 


$0.2885 
.0725 
.0131 
.1267 
.1328 
.0218 
.1117 
.0427 
.0594 
.0758 
.0140 
.0475 


Total  concentrates. 


1.0065 
18.8052 

7'on*. 
1.6450 
3.7066 

5. 3516 


1915 


10.4001 
.0929 
.0028 
.1591 
.1896 
.0222 
.1078 
.0478 
.0633 
.0841 
.0202 
.1265 


1.3164 
30. 4910 

Tons. 
1.6582 
2.6588 


4.3170 


1916 


$a4667 
.1368 

.2451 
.0362 
.1178 
.0568 
.0645 
.1161 
.0291 
.1599 


1.5803 
39.6203 

Tons. 
1.2078 
2.7757 


3.9835 
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MABKETIVa  LEAD  AVD  ZINC  OBES. 

The  schedules  for  the  purchase  of  lead  and  zinc  ore  in  the  Joplin 
district  and  the  methods  of  marketing  the  ores  differed  somewhat 
from  the  schedules  and  methods  employed  in  the  Western  States. 
The  producer  is  paid  by  the  ton  of  concentrate,  the  ore  being  pur- 
chased outright  at  the  mine.  The  hauling  and  freight  charges  are 
paid  by  the  smelter.  The  price  paid  for  the  various  grades  of  con- 
centrates varies  according  to  a  sliding  scale  based  on  the  price  paid 
for  concentrates  of  a  standard  grade,  which  is  known  as  the  base 
price.  As  the  concentrates  are  sold  on  the  open  market,  there  is 
more  or  less  competition  among  the  smelter  representatives  in  the 
district  who  bid  on  the  various  lots  offered  for  sale  by  the  producers. 

The  schedules  ot  basis  on  which  the  different  kinds  of  ore  are 
purchased  are  (1)  60  per  cent  metallic  zinc  for  sphalerite  or  zinc- 
blende  concentrates,  (2)  40  per  cent  metallic  zinc  for  concentrates  of 
the  oxidized  zinc  ores,  the  carbonate  and  silicate,  and  (3)  80  per 
cent  metallic  lead  for  the  galena  concentrates.  The  base  price 
depends  largely  upon  the  state  of  the  spelter  market  and  is  deter- 
mined during  the  latter  part  of  each  week. 

As  the  different  grades  of  concentrates  produced  from  the  many 
mines  throughout  the  district  vary,  the  prices  received  per  ton  of 
concentrates,  dry  weight,  are  determined  by  the  grade  of  concentrates 
and  the  content  of  impurities.  Thus  for  zinc-blende  concentrates, 
if  the  assay  varies  from  the  basis,  $1  is  added  to  or  deducted  from  the 
base  price  for  each  1  per  cent  of  zinc  above  or  below  60  per  cent. 
Penalties  are  imposed  for  certain  impurities  if  present.  Usually  for 
each  per  cent  of  iron  above  1  per  cent,  $1  is  deducted  from  the  base 
price.  Where  the  percentage  of  iron  is  high  this  penalty  is  often 
greatly  reduced,  if  imposed  at  all.  Lead  and  lime  are  penalized, 
usually  by  deducting  a  certain  amoimt  from  the  base  price  per  ton 
of  concentrates.  This  results  in  two  or  three  different  grades  of 
zinc  concentrates,  each  with  its  base  price.  For  example,  a  zinc- 
blende  concentrate  containing  0.5  per*  cent  or  more  lead  would  no 
longer  be  classed  under  the  standard  grade,  but  under  a  grade  with 
a  lower  base  price. 

Because  of  the  great  demand  for  the  better  grades  of  spelter  since 
the  war  began,  the  smelters  have  been  somewhat  more  exacting 
as  to  impurities  in  zinc  concentrates  and  have  lowered  the  allowable 
percentages  of  impurities  for  the  different  grades.  Other  undesirable 
impurities  in  zinc  concentrates  are  barite,  fluorspar,  and  bitumen, 
but  these  are  not  frequently  found  with  the  ores  of  the  Jophn  district. 
Sorted  ore,  such  as  lump  galena  ore  and  the  oxide  ores  of  zinc,  is 
usually  sold  on  a  flat  bid,  the  ore  buyer  inspecting  the  ore  and  making 
an  offer  of  so  much  per  ton  for  it. 
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HEALTH  CONDITIONS  IN  THE  MINES. 

Iq  a  metal  mine  the  conditions  affecting  the  health  of  the  miner 
depend  largely  on  the  material  mined,  the  depth  of  the  mine,  the 
gases  present,  and  the  ventilation.  In  the  Joplin  district  the  mines 
are  shallow,  injurious  gases  such  as  are  found  in  coal  mines  or  deep 
metal  mines  are  lacking,  and  the  ventilation  is  generally  good. 

TEVTELATIOV. 

The  adequate  ventilation  is  largely  a  result  of  thorough  insx>ec- 

tion  by  the  State  mine  inspectors,  who  zealously  enforce  the  law 

compelling  operators  to  sink  shafts,  drill  air  holes,  or  cut  drifts 

to  openings,  wherever  needed  to  protect  the  health  of  the  miners. 

Fans  are  used  where  natural  ventilation  is  insufficient  or  can  not  be 

utilized. 

WASH  ASD  OHAVOB  HOUSES. 

In  many  mines  the  ground  underfoot  is  wet,  so  that  the  men,  after 
the  shift,  leave  the  mine  workings  with  clothing  more  or  less  wet. 
Most  of  the  mines  have  change  houses  with  individual  lockers,  a 
place  for  hanging  and  drying  wet  clothes,  a  large  wash  sink  with 
running  hot  and  cold  water,  and  a  few  with  shower  baths.  As 
many  of  the  men  drive  or  walk  to  and  from  the  mines  the  change 
houses  are  necessary  and  are  largely  used.  Although  in  general 
these  buildings  are  small  and  not  elaborate,  they  serve  the  purpose 
of  allowing  the  clothes  to  dry  after  each  shift,  and  guard  the  men 
against  unnecessary  exposure.  At  mines  where  there  are  no  change 
houses  the  men  are  subjected,  especially  during  the  winter  months, 
to  a  sudden  change  of  temperature  at  the  surface,  with  the  consequent 
risk  of  severe  colds.  Although  the  men  become  hardened  to  these 
conditions,  the  constant  exposing  day  after  day  gradually  reduces 
their  vitality,  and  precautions  to  prevent  such  conditions  are  highly 
defiirablfi. 

ABATEMEVT  OF  BOCK  DUST. 

In  the  mines,  especially  the  sheet-ground  mines,  that  are  practi- 
cally free  from  water  and  dampness,  more  or  less  fine  dust  from  the 
drilling  and  blasting  may  be  carried  in  the  air.  This  dust,  if  in- 
haled by  the  miner  every  day,  may  in  time  cause  lung  diseases.  To 
quote  from  the  preliminary  report^  on  this  district: 

The  extent  of  haim  done  by  inhallTig  the  dust  in  metal  mines  is  not  definitely 
known,  but  it  10  believed  that  much  of  the  lung  trouble  often  known  as  "miners' 
consumption"  has  been  caused  by  it.  Some  of  the  operators  in  the  district  lessen 
the  injurious  effect  of  rock  dust  by  dampening  the  faces,  but  this  is  done  at  few  mines. 

•  Wi^lity  c.  A.,  l£inJiig  and  treatment  of  lead  and  tlno  ores  in  the  Joplin  district,  Missouri,  a  pi«liml- 
nary  report:  Teoh.  Paper  41,  Bureau  of  Hines,  1918,  p.  40 

34508'*— 18— Bull.  154- 
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This  wetting  of  the  face,  however,  should  be  done  at  all  mines  where  rock  dust  is 
prevalent,  for  it  would  without  doubt  prevent  much  sickness  and  spreading  of  dis- 
ease. In  this  connection  it  may  be  stated  that  the  Bureau  of  Mines,  in  cooperation 
with  the  Bureau  of  Public  Health,  is  to  investigate  a  number  of  problems  relating  to 
the  hygiene  of  mines  and  to  the  mining  industry,  the  investigations  being  conducted 
with  regard  to  scientific  as  well  as  administrative  problems  and  including  a  study  of 
the  prevalence  and  prevention  of  lung  diseases  among  miners. 

Following  a  preliminary  report  *  of  these  investigationsy  pub- 
lished  in  1915;  a  more  detailed  study  was  made  of  the  harmful  effect 
of  the  finely  divided,  siUceous  rock  dust  on  the  miner's  lungs  when 
it  is  suspended  in  the  air  in  the  working  drifts,  and  also  with  regard 
to  other  sanitary  conditions  at  the  mines  as  well  as  in  the  homes  of 
the  miners.  Dr.  Lanza,  of  the  Public  Health  Service,  spent  seTeral 
months  making  physical  examinations  of  the  miners  and  their 
families  to  determine  the  prevalence  of  pulmonary  disease.  The 
complete  report  of  the  investigations  has  been  published  in  Bulletin 
132^  of  the  Bureau  of  Mines,  to  which  the  reader  is  referred  for 
further  details. 

As  a  result  of  the  investigations  and  the  enforcement  of  the  new 
mining  laws  and  the  careful  supervision  of  the  State  mine  inspectors, 
there  has  been  a  marked  gain  in  abating  the  rock  dust  in  the  mines 
and  in  improving  sanitary  conditions.  Abo  the  miners  themselves 
have  shown  wilUngness  to  cooperate  with  the  mining  companies. 

RfiSUMfi. 

In  view  of  the  fact  that  the  main  object  of  every  mining  operation 
is  to  obtain  the  greatest  profits  from  the  expenditures  made,  certain 
conditions  must  constantly  be  considered.  The  operator  should  not 
only  attempt  to  obtain  the  most  efficient  working  conditions  with 
the  equipment  and  labor  on  hand,  but  should  also  investigate  the 
possibilities  of  improvements  that  will  result  in  a  greater  saving  and 
in  increased  profits,  even  if  they  involve  changes  in  the  methods  of 
mining  and  milling  at  no  small  cost.  Although  there  has  been  a 
marked  hnprovement  in  the  saving  of  mineral  the  past  few  yeara 
by  improved  mill  construction  and  more  efficient  operation  and 
equipment,  at  many  properties  a  greater  mineral  recovery  and 
increased  profits  could  be  realized.  As  the  conditions  at  any  two 
mines  are  not  exactly  alike,  each  mine  or  mill  must  be  considered  by 
itself.  Likewise  any  improvements  that  could  be  made  for  increasing 
the  working  efficiency  in  labor,  time,  and  production,  must  be  deter- 
mined under  the  existing  conditions  at  each  mine  separately.  Hence 
a  few  of  the  main  points  that  might  prove  worthy  of  more  thorough 

«  Lama,  A.  7.,  and  Higglns,  Edwin,  Pulmonary  disease  among  minen  in  the  JopUn  dbtrfet,  lifuoiir^ 
and  its  relation  to  rock  dust  in  the  mines:  Tecli.  Paper  lOS,  Bureau  of  Utnes,  1915, 48  pp. 

»  Hisgins,  Edwin,  Lanza,  A.  J.,  Leney,  F.  B.,  and  Rioe,  0. 8.,  Silloeons  dust  in  relatioa  to  pahaaotn 
disease  among  miners  in  tbe  Joplin  district,  Miasoial:  Bull.  182,  Bureau  of  Mines,  1917,  na  pp. 
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inyestigation  by  the  operators  at  many  of  the  mines  and  mills,  as 
brought  out  more  or  lees  in  detail  in  the  preceding  pages  of  this 
report,  are  given  here. 

The  proper  grade  and  quantity  of  explosive,  and  also  the  proper 
strength  of  cap,  to  be  used  in  breaking  ground,  should  be  determined 
according  to  the  character  of  the  ore-bearing  ground  and  the  product 
to  be  obtained.  The  increased  effectiveness  of  powder  by  the  use  of 
stemming  should  be  determined  as  to  the  quantity  of  ore  broken.  A 
saving  in  the  use  of  powder  would  be  an  important  item  in  reducing 
the  mining  costs. 

To  follow  a  system  of  mining  that  leaves  the  working  face  more 
accessible  and  in  the  best  condition  for  subsequent  drilling  and 
blasting  is  important.  The  drill  man  or  mine  foreman  should  con- 
sider and  try  to  foresee  as  far  as  practicable  the  form  in  which  the 
face  will  be  left  after  each  round  of  shots. 

The  best  method  of  hauling  the  ore  from  the  working  face  to  the 
shaft  for  saving  time,  labor,  and  costs  should  be  ascertained. 

The  only  sorting  in  the  mines  of  this  district  worthy  of  mention  is 
the  culling  of  large  bowlders  of  waste  rock.  Because  of  the  large 
quantities  of  waste  mined  with  the  ore,  especially  in  the  sheet-ground 
mines,  where  in  many  places  the  ore  is  in '  'runs  "  with  a  comparatively 
thick  layer  of  barren  rock  between,  it  is  reasonable  to  assume  that 
some  system  of  hand  sorting,  underground  or  in  the  mill,  could  be 
used  successfully.  The  discarding  of  a  lai^er  proportion  of  waste 
rock  would  result  in  a  relatively  higher  metal  recovery  in  the  mills, 
save  power,  reduce  wear  and  tear  on  crushing  machinery,  elevator 
belts,  and  other  equipment,  and  increase  the  relative  capacity  of 
the  mill. 

At  the  mills  sampling  and  mill  tesUng  should  be  done  to  find  out 
what  results  are  being  obtained.  To  be  of  value,  however,  the 
sampling  should  be  careful  and  systematic.  The  sampling  of  tailings 
without  including  the  overflow  water  from  settling  tanks  in  deter^ 
mining  the  total  metal  loss  of  a  mill,  an  oversight  frequently  observed, 
is  of  little  value.  Screen  analyses  of  the  samples  to  determine  what 
sizes  contain  the  valuable  minerals  are  important,  as  a  more  definite 
idea  can  be  obtained  as  to  how  and  where  further  savings  may 
be  effected. 

In  jigging,  it  would  seem  advisable  to  deslime  all  material  be- 
fore it  passes  to  the  rougher  jigs.  Where  the  ore  is  chatty  and  a 
large  quantity  of  middlings  is  produced,  the  middlings  should  be 
reground  and  treated  separately  over  ''chat"  jigs  rather  than  crushed 
and  returned  to  the  first  rougher  jigs,  as  practiced  in  some  miUs. 

DesUming  of  the  feed  and  separate  treatment  of  the  middlings  can 
be  applied  to  the  treatment  of  sands  on  tables  equally  as  well  as  in 
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jigging.     Roughing  and  cleaning  tables  could  also  be  used  to  advan- 
tage in  some  of  the  larger  mills  of  the  district. 

The  possibilities  of  flotation  are  well  worth  investigation  by  every 
operator,  as  a  small  flotation  unit  might  increase  the  mineral  recovery 
10  to  20  per  cent. 

In  addition  to  efficiency  in  the  mining  and  milling  of  the  ores, 
health  and  safety  conditions  should  be  given  more  attention.  Each 
operating  company  should  see  that  in  its  mine  or  mill  due  e£Fort  is 
made  to  effect  any  improvement  that  will  better  the  health  and  safety 
conditions.  Such  subjects  as  the  safe  use  of  explosives,  mine  tim- 
bering, fire  protection,  safety  appliances,  and  sanitation  in  and  about 
the  mines,  require  careful  study  and  should  be  just  as  vital  to  the 
mine  operator  as  the  number  of  tons  of  ore  mined  and  treated  each 
day. 

At  many  of  the  mines  and  mills  excellent  results  are  being  obtained. 
It  is  hoped,  however,  that  every  operator  will  endeavor  to  effect 
greater  saving,  so  far  as  is  profitable,  and  take  advantage  of  any 
experiments  made  by  others  that  would  improve  his  own  practice 
if  applied. 

MISCELLANEOUS  DATA. 

The  number  of  zinc-smelting  retorts  in  the  United  States  at  the 
end  of  1916,  with  comparative  figures  for  1915,  are  given  in  Table  49. 
Monthly  prices  for  lead  and  spelter  for  these  years  are  shown  in 
Tables  60  and  51. 

Table  51. — Zine-smelting  capacity  o/planU  in  the  United  StaUM.^ 

(Number  of  retorts  at  end  of  1915  and  1910.] 

Name.                                               SitoatloB.                        1915.  tUft. 

American  Spelter  Co Pittsbuiig,  Eans 896  ^896 

American  Steel  &  Wire  Co Donora,  Pa 3, 648  9, 120 

American  Zinc  and  Chem. Co Langeloth,  Pa 3,648  7,296 

American  Zinc  Oo.  of  Illinoifl HiUflboro,  111 4,000  4,864 

American  Zinc,  Lead  and  Smg.  Co Dearing,  Kana 4,480  4,480 

American  Zinc,  Lead  and  Smg.  Co Caney,  Euis 6,060  6,080 

Arkanaaa  Zinc  and  Smelting  Corpn Van  Buren,  Ark 2,400 

Athletic  Min.  and  Smelting  Co Fort  Smith,  Ark (e) 

BartleBville  Zinc  Co Bartlesville,  Okia ^184  7,488 

Bartlesville  Zinc  Co Blackwell,  Okla 8,800 

Bartleaville  Zinc  Co CoUinsville,  Okla 10,060  13»440 

Chanute iSpelter Co.<l Chanute,  Euis 1,280  1,280 

Cherokee  Smelting  Co Cherokee,  Euis 896  <896 

Clarkebuig  Zinc  Co Clarksbuig,  W.  Va 3,648  3,648 

Collinsville  Zinc  Co ColIiMrville,  111 M,  636  1, 984 

•  From  EnfineerinK  and  IClnJ&g  Journal,  yoI.  lOS,  Jan.  0, 1917,  p.  25. 
»  No  report  received;  entered  the  ame  as  prevloiis  year. 

«  Under  eotttmetiDa. 

•  Operated  by  American  Metal  Go.  in  1915. 

•  Idle. 
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Table  51. — Zine-^melHng  capacity  o/pUmU  in  the  UniUd  iSfotM— Continued. 

Name.                                                 Situation.                         1015.  1016. 

Eagle-Picher  Lead  Co Henryetta,  Okla 3,000 

EdgarZincCo Carondelet,  Mo 2,000  2,000 

Edgar  Zinc  Co Cherryvale,  Kana 4, 800  4, 800 

Fort  Smith  Spelter  Co Fort  Smith,  Ark 2,660 

Gianby  Mining  and  Smllg.  Co.« Neodesha,  Kana 8, 7«0  8, 700 

Gianby  Mining  and  Smllg.  Co.A East  St.  Louia,  111 3,220  4,864 

Giaaaelli  Chemical  Co Clarkabuig,  W.  Va 5,760  6,760 

Gnaaelli  Chemical  Co Meadowbrook,  W.  Va. .        8,692  8,544 

Gnaselli  Chemical  Co Terre  Haute,  Ind (&) 

H^erZincCo Danville,  lU 3,600  6,400 

Henryetta  Spelter  Co Henryetta,  Okla 600  3, 000 

Illinoia  Zinc  Co .Peru,  111 4,640  4,640 

Io]a2UncCo Concrete,  Kana 660  <'660 

Joplin  Ore  and  Spelter  Co Pittabuig,  Eana 1, 440  <>  1, 792 

J.  B.  Kirk  Gas  and  Add  Co.  • lola,  Kana 3,440  3,440 

Kuaa  Spelter  Co Kuaa,  Okla 3,710  3,720 

La  Han>e  Spelter  Co Kuaa,  Okla. (/)  4,000 

Lanyon  Smelting  Co Pittabuig,  Kana 448  448 

Robert  lanyon  Zinc  and  Add  Co HiUaboro,  IlL 1,840  3,200 

Lanyon-Starr  Smelting  Co BartlesviUe,  Okla 3,466  3,456 

Matthieaaen and  Hcgeler Zinc  Co LaSalle,  111 6,168  6,168 

ICinenl  Point  Zinc  Co Depue,  111 9,068  9,068 

Ifwouri  Zinc  Smelting  Co Rich  Hill,  Mo 4448 

National  Zinc  Co Bartleaville,  Okla 4,260  4,970 

National  Zinc  Co Springfield,  111 3,200  3,800 

Nevada  Smehing  Co Nevada,  Mo 672  672 

New  Jeraey  Zinc  Co.  of  Penn Pahnerton,  Pa 6,720  7,200 

Oklahoma  Spelter  Co.' Kuaa,  Okla (/)  1,600 

Owen  Spelter  Co.^ Caney,  Kana 1,280  1,920 

Pittabuig  Zinc  Co.» Pittabuig,  Kana 910  910 

Prime  Weatem  Spelter  Co Gaa  City,  Kana 4, 868  4, 866 

Qttinton  Spelter  Co Quinton,  Okla..... 1,340 

Sandoval  Zinc  Co Sandoval^  111 896  672 

Tulaa  Fuel  and  Manufacturing  Co Collinaville,  Okla 6, 232  6, 232 

United  Statea  Smelting  Co Altoona,  Kana 3,960  4,600 

United  Statea  Smelting  Co Checotah,  Okla 4,480 

United  Statea  Smelting  Co La  Harpe,  Kana 1, 924  1, 926 

United  Statea  Zinc  Co.  < Sand  Springa,  Okla 6, 680  8, 000 

United  Statea  Zinc  Co Pueblo,  Colo 2, 208  1, 984 

United  Zinc  Smelting  Corp Moundaville,  W.  Va (&) 

Weir  Smelting  Co Weir,  Kana (/)  448 


Total 155,388    211,12 

•  Babflidlary  of  Anwfcam  Zinc,  Lead  A  Smaltiog  Co.,  1916. 
b  Under  construction. 

fl  No  Import  received;  entered  the  same  as  prcTions  year. 
'  Idle  latter  part  of  1916. 

•  Taken  over  by  United  States  SmeltinK  Co.  in  July,  1915. 
/  Was  under  construction  in  191&. 

9  Operated  by  American  Zino,  Lead  Si  Smelting  Co. 
h  Operated  by  American  Hetal  Ca.  In  1915. 
i  Formerly  Tulsa  Spelter  Co. 
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Tablb  52.— JfontWy  prices  of  lead  at  New  York  City,  N.  Y.,  for  the  years  1905-1916  fi 

[In  cents  per  pound.] 


1005 

1906 

1907 

1906 

1900 

1010 

1011 

1012 

1018 

1014 

1015 

1016 

Febniary 

March..:. 

4.562 

4.450 
4.470 
4.500 
4.500 
4.500 
4.524 
4.665 
4.850 
4.850 
5.200 
5.422 

5.600 
5.464 
5.350 
6.404 
5.685 
5.750 
6.750 
5.750 
6.750 
5.750 
6.780 
5.900 

6.847 

6.000 
6.000 
6.000 
6.000 
6.000 
5.760 
5.288 
6. 250 
4.813 
4.750 
4.376 
8.658 

5.826 

8.601 
8.726 
8.838 
8.003 
4.258 
4.466 
4.447 
4.580 
4.515 
4.351 
4.330 
4.218 

4.175 
4.018 
3.086 
4.168 
4.287 
4.850 
4.321 
4.363 
4.342 
4.341 
4.370 
4.560 

4.700 
4.618 
4.450 
4.876 
4.815 
4.848 
4.404 
4.400 
4.400 
4.400 
4.442 
4.500 

4.483 
4.440 
4.304 
4.412 
4.373 
4.435 
4.400 
4.500 
4.485 
4.265 
4.298 
4.450 

4.486 
4.036 
4.078 
4.200 
4.104 
4.803 
4.720 
4.560 
5.048 
5.071 
4.615 
4.308 

4.321 
4.825 
4.327 
4.881 
4.342 
4.825 
4.858 
4.634 
4.608 
4.403 
4.203 
4.047 

4.111 
4.048 
8.070 
8.810 
8.900 
8.000 
8.801 
8.875 
8.828 
8.538 
8.688 
8.800 

8.720 
8.827 
4.058 
4.221 
4.274 
6.082 
6.660 
4.066 
4.610 
4.600 
5.155 
5.355 

5.921 
6.246 
7.036 

April 

7.630 

May 

7.463 

June .«.. 

July 

6.936 
6.3S2 

August 

September.... 

October 

Noyember.... 
December 

0.244 
O.SI0 
7.000 
7.042 
7.513 

ATerage    5or 
year .,^. 

4. 707 

4.200 

4.273 

4.446 

4.420 

4.471 

4.870 

8.862 

4.628 

6.858 

m   -        "........ 

a  From  Engineering  and  Mining  Journal,  vol.  83,  Jan.  5, 1907.  p.  10:  toI.  85,  Jan«  4, 1908.  p.  11;  toL  89^ 
Jan.  8, 1010,  p.  67;  voL  03,  Jan«6,l012,  p.  15;  vol.  00,  Jan.  0, 1015,  p.  66;  voL  108,  Jan.  6, 1017,  p.  10. 

Tablb  53. — UonMy  pricee  of  spelter  at  St.  Louis,  Mo.,  for  the  years  1905-1916^ 

[In  cents  per  pound.] 


1905 

1906 

1907 

1906 

1900 

1010 

1011 

1012 

1018 

1014 

1015 

1016 

January 

February 

March... 

6.032 
5.080 
5.017 
6.667 
5.284 
5.040 
5.247 
5.556 
5.737 
5.034 
5.964 
6.874 

6.780 

6.887 
6.024 
6.066 
6.981 
5.846 
6.048 
6.856 
6.878 
6.066 
6.070 
6.225 
6.448 

6.048 

6.682 
6.664 
6.687 
6.585 

6.201 
6.260 
5.022 
5.551 
5.086 
6.280 
4.776 
4.104 

5.812 

4.868 
4.688 
4.527 
4.406 
4.458 
4.808 
4.888 
4.556 
4.610 
4.651 
4.000 
4.087 

4.578 

4.001 
4.730 
4.607 
4.815 
4.074 
6.253 
6.252 
5.570 
6.646 
6.048 
6.231 
6.000 

6.061 
5.410 
6.487 
6.280 
6.041 
4.078 
5.002 
6.120 
6.364 
6.478 
6.836 
6.474 

6.802 
6.368 
6.413 
6.340 
5.106 
5.370 
5.545 
5.803 
6.710 
6.051 
6.223 
6.151 

6.202 
6.340 
6.476 
6.483 
6.520 
6.727 
6.066 
6.878 
7.818 
7.276 
7.221 
7.061 

6.854 
6.060 
5.036 
6.401 
5.256 
4.074 
5.128 
5.508 
6.444 
6.188 
6.088 
5.004 

6.112 
6.228 
6.100 
4.068 
4.024 

4.  aw 

4.770 
6.418 
5.230 
4.750 
4.068 
5.430 

0.211 
8.255 
8.360* 

0.837 
14.610 
31.038 
18.850 
12.611 
18.S70 
12.506 
16.702 
16.221 

18.064 

16.745 
18.2B0 
16w676 

April 

16.585 

iSy... ;:.::.. 

14.106 

Jime  ,    .    -   -  T  .  T  -  -  T 

11.563 

July 

8.755 

August 

September.... 

October 

November. . . . 
December 

8.569 

8. 830 

0.650 

11.421 

10.491 

Avenge     for 
year. 

5.852 

5.870 

5.608 

6.700 

5.604 

5.061 

12.654 

m           ■••" ..... 

a  From  Engineerlnr  and  Mining  Journal,  voL  83,  Jan.  5, 1007,  p.  IS;  voL  85,  Jan.  4, 1006,  p.  1 
Ja9.8,1010|P.  71;  vol.  03,  Jan.  6, 1012,  p.  28;  vol  00,  Jan.  0, 1015^  P.  64;  vol.  103,  Jan.  6^107,  p. 
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PUBLICATIONS  ON  MINERAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  tb  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  shoidd  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOB  FREE  DISTBIBUTTON. 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  C.  Ai  Davis.  1911. 
214  pp.,  1  pL,  1  fig. 

BULJ.BTIK  45.  Sand  available  for  filling  mine  workings  in  the  northern  anthracite 
coal  basin  of  Pennsylvania,  by  N.  H.  Darton.    1912.    33  pp.,  8  pis.,  5  figs. 

Bulletin  64.  The  titaniferous  iron  ores  in  the  United  States;  their  composition 
and  economic  value,  by  J.  T.  Singewald,  jr.    1913.    145  pp.,  16  pis.,  3  figs. 

BuUiETiN  70.  A  preliminary  report  on  uranium,  radiimi,  and  vanadium,  by  B.  B. 
tfooie  and  K.  L.  Kithil.    1913.    100  pp.,  2  pis.,  2  figs. 

BnixBTiN  73.  Brass  furnace  practice  in  the  United  States,  by  H.  W.  Gillett.  1914. 
298  pp.,  2  pis.,  23  figs. 

BuLLBTiK  84.  Metalluigical  smoke,  by  G.  H.  Fulton.    1915.    94  pp.,  6  pis.,  15  figs. 

BuLURiN  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal  years 
1911  to  1913,  by  A.  C.  Fieldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel  Sanford.  1914. 
444  pp.,  2  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and  NcHthem  Appalachian  States,  by 
A.  S.  Watts.    1916.    180  pp. ,  3  pis. ,  22  figs. 

Bullbtin  103.  Mining  and  concentration  of  camotite  ores,  by  K.  L.  Kithil  and 
J.  A.  Davis.    1917.    89  pp.,  14  pis.,  5  figs. 

Bulletin  104.  Extraction  and  recovery  of  radium,  uranium,  and  vanadium  from 
camotite,  by  C.  L.  F&noDs,  R.  B.  Moore,  S.  G.  Lind,  and  O.  G.  Schaefer.  1915.  124 
pp.,  14  pis.,  9  figs. 

Bulletin  106.  The  technology  of  marble  quarrying,  by  Oliver  Bowles.  1916.  174 
pp.,  12  pis.,  33  figs. 

Bulletin  110.  Goncentration  expwiments  with  the  siliceous  red  hematite  of  the 
Biimingham  district,  Alabama,  by  J.  T.  Singewald,  jr.    1917.    91  pp.,  47  figs. 

Bulletin  124.  Sandstone  quarrying  in  the  United  States,  by  Oliver  Bowles.  1917. 
143  pis.,  6  pis.,  19  figs. 

Bulletin  128.  Befining  and  utilization  of  Geoigia  kaolins,  by  I.  £.  Sproat.  1916. 
^  pp.,  5  pis.,  11  figs. 

Bulletin  146.  Technology  of  salt  making  in  the  United  States,  by  W.  G.  Phalen. 

1917.    149  pp.,  24  pis.,  10  figs. 

127 


128  MINING  AND  MILLING  OP  LEAD  AND  ZINC   OSES. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A.  G.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp.,  1  pi., 
23  figs. 

Technical  Paper  76.  Notee  on  the  sampling  and  analyaiB  of  coal,  by  A.  C.  Fieldner. 

1914.  59pp.,6figB. 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  area  in  the  Wiaconflin 
district,* Wiaconsin,  by  C.  A  Wright.    1915.    39  pp.,  2  pis.,  5  figs. 

Technical  Paper  102.  Health  conservation  at  steel  miUs,  by  J.  A.  Watkins.  1916. 
36  pp. 

Technical  Paper  110.  Monazite,  thoriimi,  and  mesothorium,  by  K.  L.  Kithil. 

1915.  32  pp.,  1  fig. 

Technical  Paper  111.  Safety  in  stone  quairying,  by  OUtst  Bowles.  1915.  48 
pp.,  5  pis.,  4  figs. 

Technical  Paper  126.  The  casting  of  clay  wares,  by  T.  G.  McDongal.  1916.  26 
pp.,  6  figs. 

Technical  Paper  133.  Directions  for  sampling  coal  for  shipment  or  delivery,  by 
G.  S.  Pope.    1917.    15  pp. 

Technical  Paper  136.  Safe  pnetice  at  blast  fumacas,  by  F.  H.  Willcox.  1916. 
73  pp.,  1  pi.,  43  figs. 

Technical  Paper  143.  Ores  of  copper,  lead,  gold,  and  silver,  by  C.  H.  Fulton. 

1916.  41pp. 

Technical  Paper  155.  Gypsum  products,  their  preparation  and  uses,  by  B.  W. 
Stone.    1917.    67  pp.,  9  pis.,  10  figs. 

Technical  Paper  177.  Preparation  of  feiro-uranium,  by  H.  W.  Gillett  and  B.  L. 
Mack.    1917.    46  pp.,  2  figs. 

publications  that  mat  be  obtained  only  theough  the  8tjpee- 

intendent  of  documents, 

Bxtllbtzn  11.  The  purchase  of  coal  by  the  Government  under  specifications,  with 
analyses  of  coal  delivered  for  the  fiscal  year  190^9,  by  G.  6.  Pope.  1910.  80  pp. 
10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  furnace 
gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hofihnan.    1911.    22  pp.,  6  figs.    5  cents. 

Bulletin  22.  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine 
and  field  samples  collected  between  July  1, 1904,  and  June  30, 1910,  by  N.  W.  Lord, 
with  chapters  by  J.  A.  Holmes,  F.  M.  Stanton,  A.  C.  Fieldner,  and  Sunuel  Saniord. 
1912.  Part  I,  Analyses,  pp.  l--d21;  Part  II,  Descriptions  of  samples,  pp.  821-1129. 
85  cents. 

Bulletin  29.  The  effect  of  oxygen  in  coal,  by  David  White.  1911.  80  pp., 
3  pis.    20  cents. 

Bulletin  38.  The  origin  of  coal,  by  David  "White  and  Reinhardt  Thieosen,  with  a 
chapter  on  the  formation  of  peat,  by  0.  A.  Davis.    1913.    390  pp.,  54  pis.    80  centt. 

Bulletin  41.  Government  coal  purchases  imder  spedfications,  with  analyses  for 
the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fuel-inspection  laboia- 
tory  of  the  Bureau  of  Mines,  by  J.  D.  Davis.    1912.    97  pp.,  3  pis.,  9  figs.    15  cents. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by 
G.  A.  Burrell  and  F.  M.  Seibert.    1913.    116  pp.,  2  pis.,  23  figs.    20  cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  C.  L.  Parsons.    1912.    44  pp.    5  cents. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  in  the  Soathem 
Appalachian  region,  by  A.  S.  Watts.    1913.    170  pp.,  16  pis.,  12  figs.    85  cents. 

Bulletin  63.  Sampling  coal  deliveries  and  types  of  Government  spedfications  for 
the  purchase  of  coal,  by  G.  S.  Pope.    1913.    68  pp.,  4  pis.,  8  figs.    10  cents. 


PUBUCATIONS  ON   MIKERAL  TECHNOLOGY.  129 

BuixsTiK  71.  Fuller's  earth,  by  G.  L.  Parsons.    1913.    38  pp.    5  cents. 

BuuiBTiN  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A.  Lyon 
and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 

BnijJBTiN  107.  Prospecting  and  mining  of  copper  ore  at  Santa  Rita,  N.  Meac.,  by 
D.  F.  MacDonald  and  Charles  Endan.    1916.    122  pp.,  10  pis.,  20  figs.    25  cents. 

BiTLLBTiN  108.  Melting  aluminum  chips,  by  H.  W.  GUlett  and  G.  M.  James.  1916. 
88  pp.    10  cents. 

BuujrriN  111.  Molybdenum;  its  ores  and  their  concentration,  with  a  discussion  of 
market,  prices,  and  uses,  by  F.  W.  Horton.    1916.    132  pp.,  18  pis.,  2  figs.    80  cents. 

Bulletin  121.  The  history  and  development  of  gold  dredging  in  Montana,  by 
Hennen  Jennings,  with  a  chapter  on  placer-mining  methods  and  operating  costs,  by 
Charles  Janin.    1916.    64  pp.,  29  pis.,  1  fig.    30  cents. 

BuLLBTiN  122.  The  principles  and  practice  of  sampling  metallurgical  materials, 
with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward  Keller.  1916. 
102  pp.     20  cents. 

Technical  Pafbb  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the  Joplin 
district.  Mo.;  a  preliminary  report,  by  C.  A.  Wright.    1913.    43  pp.,  5  figs.    5  cents. 

Tbohnxcal  Papbr  60.  llie  approximate  melting  points  of  some  commercial  copper 
alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.    1918.    10  pp.,  1  fig.    5  cents. 

TscmncAL  Papbb  88.  The  radium-uranium  ratio  in  camotites,  by  S.  C.  Lind  and 
G.  F.  Whittemore.    1915.    29  pp.,  1  pi.,  4  figs.    5  cents. 

Tbohmical  Papbr  90.  Metallurgical  treatment  of  the  low-grade  and  complex  ores 
of  Utah;  a  preliminary  report,  by  D.  A.  Lyon,  R.  H.  Bradford,  S.  S.  Arentz,  O.  C. 
Ralston,  and  0.  L.  Luson.    1915.    40  pp.    5  cents. 

Tbghnical  Papbr  93.  Graphic  studies  of  ultimate  analyses  of  coals,  by  O.  C. 
Balston,  with  a  pre&ce  by  H.  C.  Porter.    1915.    41  pp.,  3  pis.,  6  figs.    10  cents. 

Tbghnical  Papbr  109.  Composition  of  the  natural  gas  used  in  25  cities,  with  a 
discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Oberfell.  1915. 
22  pp.    5  cents. 


INDEX. 


A. 

Page. 

AkJndiaifter,  proposed  uae  of 60,78 

Alton,  O.  L.,  flotation  experiments  by.  107, 108,100 

".UplMtt,"  oocnrraoce  of 12 

B. 

Baln,H.  F.^cited 1 

Barite,  oocmrance  ot 11 

Bird  olaaBifler,flgiiie  allowing -^ 

Blast,  filing  oL SI 

Blasting tn  mines,  methods  of 20,30,31 

of  bonldeiBy  method  of. 32 

Boone  fonnatlon,  thickness  of 4 

Bucktoy,  E.  R.,  elted. ^ 1 

Boshtor,  EL  A.,  acknowledgment  to 2 

dted 1 

Baieaa  of  Mines,  work  of 1 

C. 

CagBS,nse  of  in  hoisting 84 

OJamfne,  composition,  physical  properties, 

and  ooouzrenoe  of 0 

See  ako  Zlno  silicate. 
Ckldte,  oompoaitian,  physical  properties,  and 

ooennenoeof 11 

"Cans."   AeeTubs. 

GsitervlUe  district,  rascUta  of  mm  tests  in....  45 

Cermsite,  composition,  physical  properties, 

and  oocamnoe  of 10 

Chaloqpyrite,  composition,  physical  proper^ 

ties,  andoooomnoeof 10 

Changs  houses,  oae  oL 121 

"Chats,"  cnuhing  of 58 

recntshingof 70 

traatmentof. 61 1 

Cherokee  shale,  posttioQ  of. 4 

Chert,  oocoiTCDoe  of 7,12 

Chester  sandstone, position  of 4,5 

Chom  drills,  nae  of 5 

Chaslfler,  proposed  use  of oil 

iixesof 82 

types  of 70-81 

nssoL 78 

"V"  type, flgoie showing 78 

See  aito  Aktn,  Bird,  Dorr,  and  nicharda- 
Jaoney  dassiflefs. 

Claarifler  prodncts,  screen  tests  of. 81,82 

Cleaner]i9,datyof 68 

affldfloeyof 70 

Sec  olfo  Jigs. 

Coal-tar  oU  lor  flotation. 107 

Commerce  distriot, results  of  mUltesU  in....  50,51 

OoDoentrates,  handling  of. 113 

marketing  of 120 

moistmein. 113 

Tetreatment  of 00 

sehedole  metal  content  of 120 

storage  of. 113 

weight  ol,  depreoiatioa  in 114 


Page. 

CoDCentrating  mills,  equipment  of 35 

siae  of,  factors  determining 13 

Canoantration  of  fine  material 73-08 

Oonoentration  of  ores,  methods  in 35 

Concentration  tables.    See  Tables,  oonoen- 
tration. 

Concentration  tests,  results  of 44, 

45,46,47,48,40,50,51,52 

Cooley  Jig,  view  oC 62 

SeeaUoJig, 

Corkss,  D.  B.,  acknowledgment  to 2 

"Cotton  rock,'' naturo  of 7 

Cribbing  of  shafts 24 

Crushers  used,  description  of. 56 

Crushing  of  ore,  method  of 55 

Cuttin^i  fiom  drill  holes,  sampling  of 5,6 

D. 

Dana,  E.  8.,  on  on  minerals 8-11 

Deslimlng  of  Jig  feed,  advantages  of. 67-70 

of  table  feed,  value  of. 123 

Detonators,  ooUeotion  of 81 

Development  work  in  mines 21 

Dewatering  screen,  efBdency  of 67,68 

Dolomite,  ooeozrsnce  of. 7,11 

Dorr  dasslAer,  proposed  use  of 78 

thiokeoers,  use  of 74 

Drill  holes,  chum,  shooting  of 6 

for  blasting,  depths  of 26 

loadingof 20 

pladngof. 28 

Drilling,  prospeottng,  cost  of 5 

methods  of 5 

underground,  methods  In 26 

Drills,  machine,  use  of  in  mining 26 

prospecting,  kinds  used 5 

See  alto  Chum  drills. 

Duenweg  district,  results  of  mill  tests  in 48 

Dynamite,  use  of 28 

E. 

Explosive  used  per  ton  of  ore  mined 31 

Explosives,  proper  selection  of 123 

storage  of 20 

use  of 28 

^• 

Feeds,  dasslflcation  of,  importance  of 01 

Fine  materia],  treatment  of 7^-08 

Fines,  dassiflcation  of 78 

Flotation,  fine  grinding  for,  difllculties  in 105 

oC  slimes,  results  of 108 

of  sulphides,  essentials  for 110 

oils  for 107 

possibiUtiesin 103 

sise  of  mill  for  use  of 105 

FlotaUon  concentrates,  sine  in 103 

Footage  in  drilling  hard  ground 26 

Fore-poUng  system,  use  of.' 23,33 

131 


132 


INDEX. 


O. 

Oaltfift,  composition,  physical  properties,  and 

ooeomoiceof 0 

Galena  ooDoentntes,  lead  content  of 17,18,19 

Oangue  minerals,  local  names  for 8 

varieties  of. 7 

Gelatin  dynamite,  use  of. 38 

Geology  of  Joplin  district,  figure  showing ....  3 

of  ore  deposits 9,4 

Goslarlte,  composition,  physical  properties, 

and  ocouRenoe  of 9 

Grinding,  fine,  for  flotaticn,  diffloultles  in. . .  105 

Grlzsly,  view  of 54 

H. 

Hall,  Clarence,  cited 28,31 

Hard  ground,  machine  drilling  In. 38 

mining  of ,  methods  of 23 

Hard  ground  ore,  results  of  mill  tests  of. 44-^1 

Haulage,  underground,  mathods  of 82 

Ha  worth,  Erasmus,  cited 1 

Health  conditions  in  mines 121 

Hydrocarbon  compounds,  occurrence  of 12 

J. 

Jasperoid,  occurrence  of. 13 

Jefferson  City  dolomite,  thickness  of. 4 

Jenney,  W.  P.,cited 1 

Jigging,  methods  used  in 6i-<67 

possible  improvement  of. 78 

Jigs,  efDcienoy  of 83,04 

feed  of,  desWmtng  of,  advantage  of 67-70 

hand,  use  of 0 

losses  from. 65 

recovery  of  dno  by 71,72 

See  obo  Cooley,  cleaner,  and  rougher  Jigs. 

Joplin  district,  gedogy  of 2 

figure  showing 8 

labor  conditions  in. 117 

situation  of 1 

topography  of 2 

L. 

Labor  conditions  in  Joplin  district in 

Lamotte  sandstone,  thickness  of 4 

Lansa,  A.  J.,  andHlggins,  Edwln,cited 27 

Lead,  recovery  of-in  flotation  tests 108,109 

in  mill  tests 44-62 

Lead  concentrates,  complete  analyses  of. . .  Ill,  112 

lead  content  of 110 

Lead  content  of  ores 17 

payable. 20 

Lead  losses  in  slimes lOO 

Leases,  mining  land,  terms  of. 14 

Leasing  system,  advantages  of. 15 

Machine  drills,  use  of  In  mining. 26 

MagarinsB  for  explosives,  construction  of 20 

Hagnetlc  separator,  possible  use  of. 97 

Marcasite,  composltioQ,  jihyslcal  properties, 

andoocuiTenceof. 10 

Middlings  from  Jigs,  regrindlng  of,  impor- 
tance of 91 

fh)m  tables,  treatment  of. 95 


Page. 

Mill  tests,  importance  of. 52.123 

Killing  costs.  Commerce  district 119 

Joplin  district 118,119 

Killing  methods,  causes  determining 53 

description  of 35-116 

recovery  of  sine  in. 20 

Kills,  equipment  of. 35 

flow  sheets  of,  figure  showing 36,38,40,42 

Kins  pumps,  types  of 34 

Kine  ventilation,  excellence  of 121 

Kineral  lands,  leasing  of 14 

Kiners' consumption,  causes  of 27 

Klnes,  development  work  in 21 

health  conditions  in 121 

vahie  of  determination  of 13,14 

Mining  costs,  Commeroe  district U9 

Joplin  district 118,119 

Mining  methods  used,  dssoription  of. 21-25 

reasons  for 30 

MundlCfOooumneeof. 10 

Munroe,C.B.,  cited. 28 

•    K. 
Nattiralgastuaeofaspower 34 

O. 

OUs  for  flotation,  merits  oL 107 

Ore  bodies,  occurrence  of 6 

Ore  deposits,  nature  of 4 

Ore-dressing  praettce 85-116 

Ores,  aversga  recovery  of  mineral  in 20 

distribution  of. 7 

local  names  for 7 

See  &bo  Ore  minerals  named. 

Overflow,from  settling  tanks,  sine  In 99 

Osark  region,  situation  of. 15 

P. 

Pay  ore,  metal  content  of. 20 

Pillars,  ore  left  in. 23 

Pine  oil  for  flotation 107 

Porto  Rico  distrlct,resulta  of  mill  teaUin....  47 

Power  used,  sources  of. 84 

\  Primer,  placing  of  datonator  in 29 

flgurashowlng. 29 

Prospecting,  detenninatlon  of  pay  ore  in.....  13 

methods  of 5 

with  drills,  cost  of 5 

Prosperity  district,  results  of  miH  teats  in....  46 

Pumping,  methods  of a 

Pumps,  kinds  used 35 

Pyrite,  composition,  iihysloal  properties,  and 

ooourrsnoeof 10 

Q. 
Quarts,  occurrence  of 12 

R. 

Ralston,  O.  C,  flotation  axperlments  by..   107, 

108,109 

Richard»Janney  classifier,  use  of. Si 

Rinker,  R.  R.,  acknowledgment  to 3 

Rock  dust  in  mines,  abatement  of 27,131 

danger  from 37 

Rons  used,  description  of 56 

Rosin,  use  of,  in  flotation 107 

Roubldoox  sandstone,  poaitloB  of 4 


nn>sx« 


183 


Page. 

"RoaglMr'*JlgB,dut7or. «1 

effldancyol 64 

5m  alio  Jigs. 

RojraltiM,  prasent  system  of 14 

"Runs/'iiatiinBof. 6 

B. 

SampUngliimillSifiBpQrtaaoeor 123 

fiandrtone.    8f  caiester,  Lsmotte,  Roabi- 
douz  fatndfftfflnefli 

Sdimidi,A.,clted^ 1 

Screenuialyaee,  results  oL 56,67, 

68,60,61,100,104,116 

TBlueof 53 

tests  of  dMsJfier  products 81,82 

Scneo8,d0waterlzig,eflldeooyof 67,68 

fine,  types  of. 74 

Henry,  daBcriptiion  of. 78 

figure  showing. 77 

shaking,  use  of. 55 

screen  test  of  product  from 56 

SettUngtanks,  orerflowfrom,  character  of ...  96 

losses  In 08 

Shafts,  dimensions  of 34 

rateingof 34 

cost  of. 35 

sinking  oL 34 

cost  of 25 

Sheet^groond  deposits,  nature  of. 6 

mining,  methods  in 32 

figure  siiowing 22 

ore,  flotation  of  slimes  from,  test  ot 108 

lead  content  of 17 

mill  test  of,  results  of 00 

Shooting  ofprospecting  drillholes,  method  of.  6 

Short  Creek  oolite,  position  of 5 

Shots,  firing  of,  methods  of 31 

ShoveUngof  ore,  methods  of. 82 

8iebenthAl,C.E.,  cited 1,8,0 

SUmes,  flotation  of,  tests  of 108 

proportion  of  sine  in. 00 

ifaielossesin 100,101,103 

"Shidgs"  in  mills,  character  of 74 

Smi^W.S.T.,cited 1,0 

SmithscDite,  composition,  physical  proper- 
ties, and  occurrence  ot 8 

SoBDing,  W.  O.,  cited 81 

8ofk-groanddepo6its,methods  of  mining 28 

nature  of 6 

ore,  lead  and  sine  oontent  of 17 

results  of  mill  tests  of 53 

Sorting  of  ore,  importance  of. 55,123 

methods  of 54 

Spar.  5e<  Dolomite. 

Spelter  produetioa  from  Joplin  oras 16 

Sphalerite.   0m  Zino  blende. 

Sqasre-set  system,  use  of 33 

Stemming,  ad^yntagss  in  using 30 

deilnittonof 30 

experiments  with,  results  of 30 

Stoping  methods 22 

Btoiags  tains  at  shafts,  capacity  of 34 

T. 

Table  piaetioe,tetocs  in 83-84 

good  essentials  of 07 

In  Joplin  district,  qusUty  of 04 


Page. 

Tables,  oanoantration,  adjustment  of 83 

efflBOtsof 85-88 

importanoeof 01 

capacity  of 04 

feed  to 83 

classification  of 83 

nature  of 04 

foundations  for 82 

head  motion  of 82 

Increased  use  oL 73 

middlings  from,  trBstment  of 00 

products  from 83,84,06 

proposed  stage  system  of 06 

recovery  of  sine  on 05 

results  of  tests  with 02,08,04 

retreatment  of  concentrates  fkx>m 07 

savings  to  be  efliBcted  with 02 

tests  of,  results  of.... 84^04 

sine  losses  on 02,03,04 

sine  recovery  on 01 

Tailing  elevatOTB,  view  of 114 

Tailings,  disposal  of 114 

firom  tables,  sine  loses  in 85, 

86,88,80,00,01,02,03,04 

handling  of,  view  showing 116 

loading  of ,  view  showing 114 

retreatment  of. 115 

screen  analyses  of 104,116 

sine  content  of 104,116 

Tamping,  definition  of 20 

Tar,  mineral,  occurrence  of 12 

Tiil.   ^MCakite. 

Timbering  in  mines,  puipose  of 38 

use  of.. 23,33 

Tram  cars,  sorihoe,  cajMKdty  of 34 

Tramming  of  ore,  methods  of 32 

Trauzllead>block  test,  description  of 30 

Tronmiels,  dewatering,  oonstruotlon  of 05 

effeotivenflss  of 05 

effldenoyof. 60,76 

overslse  ftom,  sonen  analyses  of 76 

sisesof 50 

use  of. 56,58,50 

for  fine  screening 75 

.Tubs,  for  tramming  ore,  slse  of 32 

Tyler  standard  screen  soUe,  slses  of. 54 

U. 

Undertiand  Btoplng,  figure  showing 21 

use  of. 21 

United  States,  sine  production  In 16 

V. 
Ventilation  of  mines,  ezoellenoB  of 121 

W. 

Wage  soalein  Joplin  district 117 

Waterin  mines,  occurrence  of S3 

quantity  of,  pumped 33 

Webb  City  district,  results  of  mill  tests  In...  44 

Winslow,  Arthur,  dted 1 

Wrl^t,  a  A.,  dted 27 

on  rook  dust  in  mines 121 

Woodbury  Jig,  proposed  use  of. 60 


184 


IKDEZ. 


Z.  Page. 

Zl&o,  aTengB  recovery  of ,  in  miUs ao 

in  tailings 116 

lOBsesof,  in  slimes 100,101,103 

on  tobies »« 01, 92, 93, 94 

produotion  ol,  in  United  Stotes 16 

looportioin  of,  in  ores  of  Joplin  district ...       17 

aTerage  reoorery  of 86 

by  Jigs 71,72 

in  flotation  tests 108,100 

inmiU  tests 44^52,99 

tables 85,8^91,95 


Page. 
Zino  blende,  tomposltion«  physical  proper- 

tiesyand^occurranoeof 7,S 

varieties  of 7 

Zino  blende  oonoentrates,  complete  analyses 

of 111,112 

schedule  metal  content  of UO 

sine  content  of. 17,18,19,U0 

Zinc  ore,  oxidiied,  concentrates,  srhednle 

metal  content  of lao 

ores,  payable  content  of 3D 

smeltersin  the  United  Stete^Ustof...  121-136 


O 


MnkH  TedwlilT  41 
I^PARTMENT  OF  THE  INTERIOR 

PRANKUN  K.  LAHK.  SlCBBTAKT 
BUREAU  CV  MINES 
VAN.  H.  UANNIKU.  I 


OIL-STORAGE  TANKS  AND  RESERVOIRS 

WITH  A  BRIEF  DISCUSSION  OF  LOSSES  OF  on. 
IN  STOKAGE  AND  METHODS  OF  PREVENTION 


c.  p.  BOWIE 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  provisions  of  its  argBoac  act— to 
disseminate  information  concerning  investigations  made— prints  a  limited  free  edition 
of  each  of  its  publications. 

When  this  edition  is  exhausted,  copies  may  be  obtained  at  cost  price  only  throogfa 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  G. 

The  Superintendent  of  Documents  is  not  an  official  of  (he  Bwreau  of  JftiMt.  His 
office  is  entirely  separate  and  he  should  be  addressed: 

Superintendent  of  Documents, 

Government  Printing  Offi^, 

Washington,  D.  C. 

The  general  law  under  which  publications  are  distribtited  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  person.  The  cost  of  this  publicatioii  v 
25  cents. 


First  edition.    January,  1918. 
n 


OONTENTS. 


Page. 

Introduction 3 

Tankfanns 3 

Sizes  of  steel  tanks 4 

Tank  grades 4 

Tank  specificationB 5 

Discussion  of  tank  etpecifications 14 

Sand-line  construction 14 

Tankroofe.... 16 

Size  of  plates 16 

Swing  pipes 16 

Swivel  joints  for  swing  pipes 17 

Stoirways 17 

Explosion  doors 17 

Vacunm  relief  valves 19 

Tanks  with  wooden  roofs 19 

Cost  of  tanks 20 

Concrete  reservoirs 20 

Specifications  for  concrete  reservoirs 20 

General  details  regarding  reservoir  construction 29 

Choice  of  site  for  reservoir 29 

Building  embankment 29 

Outside  slope 30 

Roof 30 

Concrete  lining 30 

Expansion  joints 31 

Temperature  variations 32 

Effect  of  oil  on  concrete 32 

Cost  of  reservoirs : 35 

life  of  reservoirs  and  steel  tanks 36 

Losses  in  storage 37 

By  seepage 37 

Losses  by  evaporation 37 

Difficulties  in  obtaining  reliable  data  regarding  evaporation  losses 51 

Devices  used  for  lessening  evaporation  losses 51 

Water-seal  tops 52 

Sprinkling  tanks  with  water 53 

Gasometers 54 

Tile-encased  tanks 54 

Bwryiag  tanks 54 

Concrete  tanks 54 

Bidnting  tanks  light  colors 58 

m 


IV  CONTENTS. 

Page. 

Cbmputmg  volume  of  tanks  and  reeervoira  and  preparing  gage  tables ^ 

Methods  of  obtaining  field  data  regarding  tanks 59 

Methods  of  measuring 61 

Meaning  of  terms 62 

Height  of  tank 62 

Horizontal  segment : 62 

Thickness  of  sheets 62 

Deadwood 62 

Manhole 63 

Corrugated-iron  and  wooden  tanks 63 

Computing  gage  tables  for  tanks 63 

Reservoir  measurement  and  tables 64 

Testing  gage  plate 64 

Necessary  measurements  in  testing  gage  plate 04 

Computing  gage  table 65 

Depreciation  of  oil  in  storage 65 

R^sum^ 69 

Acknowledgments 70 

Publications  on  petroleum  technology 71 


TABLES. 


Table  1.  PermisBible  variations  of  plates  ordered  to  weight 12 

2.  Permissible  overweights  of  plates  ordered  to  thickness 13 

3.  Temperatures  without  and  at  various  points  within  E.  T.  A  0. 

Reservoir  No.  2,  Bakersfield,  Cal 32 

4.  Loss  of  oil  by  evaporation  from  13  tanks  in  CaUfomia 42 

5.  Summary  of  losses  of  oil  in  storage  by  evaporation 50 

6.  Results  of  comparative  30-day  tests  for  losses  in  plain-top  and  water- 

top  tanks  protected  with  sheathing 53 

7 .  Results  of  comparative  distillation  tests  of  fresh  and  of  stored  crudes. .  66 

8.  Results  of  comparative  tests  of  fresh  and  of  stored  California  crude. .  ^ 


ILLUSTRATIONS. 


Plate  I.  Aj  Part  of  a  tank  farm  under  construction;  B,  Method  of  setting 
grade  stakes  for  finishing  tank  grade  to  true  level;  C,  Tank  bottom 

in  course  of  construction -t 

II .  Details  of  a  55,000-barrel  6-ring  steel  tank 6 

III.  Steel  roof  and  supports  for  a  55,000-barrel  tank ^ 

IV.  Eighteen-inch  swing  pipe '. ^^ 

V.  Double-swivel  joint  for  18-inch  swing  pipe 1^ 

VI.  Standard  steel  stairs  for  30-foot  tank 1^ 

VII.  Details  of  explosion  hatch  for  tank  roof 1^ 

VIII.  Geared  winch  and  cable  guide  for  swing-pipe  cable ^^ 

IX.  Af  All-steel  stairvray  for  oil  tank;  B,  Qasometer;  C,  Tile-encased 

tank 18 


ILLUSTRATIONS.  V 

■ 

PagB. 
Plate X.  A^  Expansion  door  and  vacuum  relief  valve;  B,  ''Sheep's  foot'' 

tyx>e  of  roller;  C,  Wetting  down  loose  material  in  tank  bed 18 

XI.  Plan  and  vertical  section  of  concrete-lined  reservoir,   capacity 

750,000  barrels 22 

XII.  Details  of  sump  and  swing  pipe  for  750,000-barrel  concrete-lined 

reservoir 24 

XIII.  Detailsof  roof  framing  and  concrete  lining  of  750,000-barrel  reservoir.        26 

XIV.  Details  of  roofing  for  750,000-barrel  concrete-lined  reservoir 28 

XV.  Arrangement  of  reinforcing  material  for  concrete-lined  reservoir, 

capacity  750,000  barrels 28 

XVI.  A,  Trimming  slope  by  hand ;  By  Trimming  slope  with  special  scraper.        30 
XVII.  A  J  Oiling  the  completed  embankment;  J?,  Incompleted  tank,  roof 
construction  begun  and  reinforcing  material  in  place;  C,  Excavat- 
ing for  joint  between  floor  and  side  of  concrete  lining 30 

XVin.  Aj  Lifting  roof  support  into  position ;  B,  Sheathed  roof  ready  for  roof- 
ing paper 32 

XIX.  A,  Oil-storage  tank  with  water-seal  top;  B,  Sprinkler  for  cooling 
tank;  C,  Baffle  plate  around  edge  of  roof  to  deflect  water  from 

sprinkler  against  side  of  tank 52 

XX.  Detail  of  tile  casing  for  55,000-barrel  tank 54 

XXI.  Ay  Excavating  for  concrete-lined  oil  tank;  By  Forms  for  concrete 

tank;  C,  Completed  tank 66 


OIL-STORAGE  TANKS  AND  RESERVOIRS,  WITH  A  BRIEF 
DISCUSSION  OF  LOSSES  OF  OIL  IN  STORAGE 
.     AND  METHODS  OF  PREVENTION. 


ByC.  P.  Bowie. 


nrrsoDTTCTioir. 

The  Bureau  of  Mines  has  been  conducting  investigations  with  the 
view  of  determining  the  types  of  containers  best  adapted  to  the  stor- 
age of  ofl.  These  investigations  have  shown  that  tanks  composed 
wholly  of  steel  give  the  best  results.  Where  larger  containers  than 
it  is  feasible  to  build  with  steel  are  desired,  concrete-lined  reservoirs 
can  be  recommended  for  some  grades  of  oil.  Practically  all  such 
containers  in  use  at  present  have  wooden  roofs  and  this  type  of 
coQstmction  is  here  described,  although  it  is  the  belief  of  the  writer 
that  concrete  roofs  would  be  far  more  satisfactory  in  every  way,  and 
that  the  difference  in  cost  between  a  concrete  and  a  wooden  roof 
would,  as  a  rule,  in  a  few  years'  time,  be  offset  by  a  saving  of  oil  and 
in  cost  of  repairs  and  renewals. 

TANK  FABHS. 

Storage  facilitiesj  whether  steel  tanks  or  reservoirs,  are  grouped 
together  in  what  are  known  as  ''storage  farms,''  some  of  which  in  the 
United  States  already  have  capacities  in  excess  of  24,000,000  barrels. 
The  ideal  site  for  a  farm  is  on  ground  that  is  comparatively  level. 
Tanks,  which  are  usually  of  37,000  to  55,000  barrel  capacity,  are  placed 
about  500  feet  center  to  center,  making  the  distance  shell  to  shell 
about  400  feet.  Each  tank  is  then  surroimded  by  a  levee  of  suffi- 
cient height  to  hold  the  entire  content  of  the  tank,  as  shown  on  Plate 
I,  A.  In  many  instances  these  levees  are  circular  and  are  themselves 
indosed  by  a  system  of  rectangular  levees,  built  equidistantly  between 
tanks,  and  dividing  the  whole  farm  into  a  system  of  checkerboard 
squares,  the  tanks  being  at  the  centers  of  the  squares.  Should  any  one 
tank  catch  fire  it  is  thus  isolated  from  its  neighbors,  and  even  though  it 
may  bum  until  its  entire  contents  are  consumed,  if  the  levees  are 
properly  constructed  it  will  do  so  without  undue  menace  to  the  other 
tanks.    As  regards  large  reservoirs  of  500^000  to  1,^000,000  barrel 
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capacity,  it  is  of  course  not  practical  to  make  the  empounding  areij 
of  a  surrounding  leyee  of  sufficient  size  to  hold  the  entire  contents 
of  the  reservoir.  Nevertheless,  levees  between  reservoirs  are  advis- 
able, and  it  is  the  practice  to  provide  them.  Levees  are  to  be 
discussed  more  fully  in  a  subsequent  publication  on  fir<B  protection 
to  be  issued  by  the  Biu*eau  of  Mines. 

8IZB8  OF  STEEL  TANKS. 

Steel  tanks  for  the  storage  of  oil  are  manufactured  in  various  sizes 
up  to  55,000-barrel  capacity.  These  have  a  diameter  of  114  feet  6 
inches  and  are  30  feet  high.  The  usual  size  is  the  55,000-barrel  tank, 
although  the  Standard  Oil  Co.,  especially,  is  using  great  numbers  of 
37,000-barrel  tanks.  Tanks  may  be  erected  by  contract  or  by  the 
owners.  However,  for  various  reasons,  the  contract  method  is  gen- 
erally preferable.  Under  this  method  the  company  furnishes  the 
grades  on  which  the  tanks  are  placed,  and  transportation  of  men  and 
materials  from  the  nearest  railroad  station;  the  contractors  furnish 
the  material,  the  railroad  transportation,  and  all  labor  for  erection. 

TANK  QBABBS. 

As  to  tank  grades,  it  is  well  to  note  in  passing  that  too  much  care 
can  not  be  exercised  in  their  preparation.  They  should  be  either  all  in 
fill  or  all  in  excavation  and  carefully  graded  to  a  true  level  surface. 
Plate  I,  Bf  shows  the  method  of  setting  grade  stakes.  A  tank  built 
partly  on  filled  groimd  and  partly  on  excavated  ground  is  in  constant 
danger  of  being  disrupted  at  the  point  where  the  foundation  goes 
from  cut  to  fiU,  as  the  filled  part  of  the  foundation  will  settle,  whereas 
the  part  in  cut  ground  probably  will  not,  or  at  least  not  to  so  great  a 
d^ree.  Where  it  is  necessary  to  build  up  a  grade,  the  best  policy 
is  to  fill  the  entire  area  to  approximately  the  same  depth,  so  as  to 
insure  as  uniform  settling  as  possible.  It  is  good  practice,  also, 
unless  the  length  of  haul  is  excessive,  to  use  the  Fresno  type  of  grader 
and  to  distribute  the  dirt  in  thin  layers,  allowing  the  stock  to  pass 
back  and  forth  over  the  loose  material  as  often  as  feasible.  Puddling 
the  grade  in  filled  ground  is  also  good  practice. 

As  the  bottom  of  the  tank  is  composed  of  relatively  thin  plates, 
every  precaution  should  be  taken  to  prevent  itp  deterioration  from  the 
corrosive  action  of  alkaline  salts  contained  in  the  soil  upon  which  it 
rests,  and  also  from  similar  chemical  action  by  reason  of  water  leak- 
ing through  an  imperfect  seam  and  forming  a  puddle  beneath  the 
plates. 

To  eliminate  as  far  as  possible  the  detrimental  effect  of  soil  corro- 
sion, several  inches  of  oil  sand  is  usually  placed  on  the  surface  ot  the 
completed  grade,  or  if  this  is  impracticable,  the  completed  surface  is 
oiled,  and  the  oil  worked  in  3  to  4  inches  by  rakes.    The  tank  bot- 


a.    PART  OF  A  TANK  FARM  UNDER  CONSTRUCTION. 


B.    METHOD  or  SETTING  GRADE  STAKES  FOR  FINISHING  TANK  GRADE  TO  TRUE  LEVEL. 


a    TANK  BOTTOM  IN  COURSE  OF  CONSTRUCTION. 


TANK  SPECIFICATION'S.  5 

torn  is  thoroughly  coated  with  a  good  quality  of  asphaltic  or  other 
nist-resisting  paint  before  being  lowered  onto  the  grade.  Plate  I,  C, 
shows  a  tank  bottom  in  course  of  construction. 

TAVK  SPECIFICATIOirS. 

Perhaps  no  better  description  of  a  steel  tank  can  be  given  than  that 
furnished  by  a  recital  of  the  specifications  covering  its  erection  and 
the  material  of  which  it  is  composed.  Following  are  such  specifica- 
tions for  a  tank  of  55,000-barrel  capacity,  of  steel  construction 
throughout^  and  of  a  type  known  to  the  trade  as  ''gas-tight."  This 
capacity  of  tank  is  considered  to  be  the  largest  practicable  for 
fabrication  and  construction  in  the  field,  and  the  type  of  steel  tank 
best  adapted  to  the  storage  of  petroleum  products  so  far  as  r^ards 
fire  hazards  and  losses  by  seepage  and  evaporation. 

Specifications  fob  55,000-Barrbl  o  Steel  Tank  with  Steel  Roof. 

The ,  in  itself  or  by  ite  duly  authorized  repreeentative,  shall  be  referred 

to  in  these  spediScations  as  the  "Company." 

The  firm  undertaking  to  furnish  and  erect  the  tank  herein  described,  in  itself  or  by 
its  duly  authorized  representative)  shall  be  referred  to  in  these  specifications  as  the 
"Contractor." 

At  all  times  during  the  progress  of  the  fabrication  of  the  tank  material  or  erection 
of  the  tank,  the  Contractor  shall  designate  some  person  as  his  representative,  to  whom 
iDstructions  may  be  given  by  a  duly  authorized  representative  of  the  Company. 

(1)  Loeation. — ^Tank  to  be  erected  upon  foundation  prepared  by  the  Company. 

(2)  Freight  and  hatUing. --The  Contnictor  shall  deliver  all  tank  material,  tools,  and 
appliances  f.  o.  b.  cars  nearest  railroad  station.  The  Company  shall  haul  all  tank 
material,  tocds,  and  appliances  necessary  for  the  construction  of  the  tank  from  the 
railroad  station,  and  shall  deliver  same  within  100  feet  of  the  tank  site,  and  on  com- 
pletion of  the  work  shall  return  tools  and  appliances  to  the  railroad  station. 

(3)  Drawings. — The  following  drawings  form  an  integral  part  of  and  are  to  be  used 
in  conjunction  with  these  specifications:  Plates  II,  III,  IV,  V,  VI,  VII,  and  VIII. 

(4)  Dimtngions. — ^Diameter,  114  feet  6  inches,  average  inside  measurement;  height, 
30  feet. 

(5)  Material.— AXL  material  for  the  tank  shall  be  of  steel,  complying  with  Standard 
SpedficationB  for  Structural  Steel  of  the  American  Society  for  Testing  Materials 
(copy  of  which  is  hereto  attached).  Contractor  to  furnish  a  certificate  from  an 
approved  finn  of  testing  engineers  covering  all  materials  used,  but  such  certificate 
shall  not  act  to  prevent  Company  exercising  the  right  to  reject  undeigaged  plates 
or  defective  material  wherever  it  may  be  found. 

Timk  to  be  composed  of  6  rings  of  equal  height,  as  shown  on  Plate  II.  Plates  to 
be  of  uniform  size  with  TnjTi^Timim  dimensions,  as  hereinafter  designated. 

All  plates  flihaU  be  ordered  to  gage,  permissible  variations  to  be  in  accord  with 
specifications  for  structural  steel  above  referred  to. 

(6)  Punching  and  rivetirig,  etc.— Plates  and  angles  for  the  shell  of  the  tank  must  be 
rolled  to  proper  curvature. 

Plates  and  angles  must  be  punched  from  the  sides  that  are  to  be  in  contact,  and 
the  punching  must  be  so  accurate  that  the  holes  will  match  within  10  per  cent  of 
their  diameter  when  plates  are  assembled.    Holes  for  hot  rivets  shall  be  punched 
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not  more  tluui  one-aixteenth  of  an  inch  larger  in  diametei^than  the  rivets  that 
fill  them. 

Biveting  shall  be  done  with  pneumatic  tools,  an  air  pressure  of  approximateI>r' 
pounds  per  square  inch  at  the  receiver  being  used.  Rivets  must  confonn  witb  f 
specifications  in  diameter,  length,  pitch,  and  marginal  distance.  Should  any  birmi 
deformed,  or  loose  rivets  be  found  in  the  work,  they  are  to  be  cut  out  and  repLao4 
No  calking  of  rivets  will  be  allowed .  Bivetiog  of  the  bottom  sheets  shall  be  done  tr^ 
tiie  inside;  all  other  riveting,  including  riveting  €i  the  bottom  to  the  bottom 
and  of  the  roof,  shall  be  done  from  the  outaide.  All  rivets  one-half  iuch  in  diamet^x 
larger  shall  be  driven  hot. 

(7)  Calking. — ^AU  edges  to  be  calked  shall  be  beveled  by  planing.    All  seams 
be  thoroughly  calked  with  a  round-nosed  pneumatic  calking  tool.    The  diell  of 
tank  shall  be  formed  by  ascending  inside  courses  calked  on  the  outside.  «Bo 
plates  to  be  calked  on  the  inside  except  at  angle  iron,  where  they  are  to  be  ealke<i 
the  outside,  and  both  leg^  of  angle  ircm  shall  be  calked  inside.    Angle  irona  to 
butt  calked  at  joints. 

All  roof  plates  to  be  calked  from  the  outside  of  tank,  this  to  include  also  calkiiig^ 
top  angle  iron. 

All  castings,  nozzles,  flanges,  and  manheads  riveted  to  the  tank  must  be  cal 
thoroughly  inside  and  outside. 

(8)  Te»Hng  the  hoUom. — ^Upon  completion  of  the  bottom  and  the  first  riug  of  the  sit 
and  before  the  bottom  has  been  lowered  to  the  ground,  the  bottom  shall  be  cove 
with  water  to  a  depth  of  not  leas  than  6  inches,  and  all  leaks  that  develop  shall  be  m 
tight  to  the  satisfaction  of  the  Company  or  its  duly  authorized  representative  hel 
any  lowering  is  done.    Necessary  water  for  the  testing  shall  be  furnished  by  the  C 
pany  for  one  test  only.    Should  additional  tests  be  made,  water  will  be  chaxged  to 
contractor  at  cost. 

(9)  Tkickne$$  of  metal,  tpacing  of  rivets,  etc. — The  thickness  of  metal,  the  spacing 
rivets,  and  the  like,  shall  be  as  set  forth  in  the  following  table: 

Tkicknesi  of  metal,  spacing  of  rivets,  etc.,  presmbedfor  tank  covered  by  these  sped) 


Fart. 


Tblek- 


Weight 

per 

square 

foot. 


HorlsoQtal  rivet- 

tog-HiUatogle 

rows. 


Diam- 
eter of 
rivets. 


Fltoh. 


V«ti4»lilvetli«. 


Bows. 


Diam- 
eter of 
rivets. 


Flteb. 


oemterl 


Bottom  sketch  plates 

Bottom  rectazigular  plates. 

Flntrinc 

fieoQUdiuig 

Third  ring 

Fourth  ring 

Fifth  ring 

Sixth  ring 

Roof  plates 


Pomida. 
12.76 
10.20 
22.86 
20.40 
16.68 
12.75 
10.20 
10.20 
7.66 


Indies. 


\ 


tneke». 

I 

a 


Indus. 


Aieftet. 


Triple.. 

...do.... 

Doable. 
...do.... 
...do.... 
...do.... 


(10)  Size  of  plates  and  angles. — ^Plates  (or  shell  shall  be  60  by  180  inches  center  to' 
center  of  rivet  laps  (24  plates  per  ring).    Bottom  and  top  rectangular  plates  shall  bd 
60  by  180  inches  center  to  center  of  rivet  laps.    Bottom  angle  irons  connecting  the 
bottom  and  the  shell  shall  be  4  by  4  inches  by  f  inch.    Top  angle  iron  connectiDg  the 
loof  with  the  shell  shall  be  3  by  3  inches  by  }  inch. 

(11)  Angle  shoes. — Shoes  uniting  ends  of  angles  shall  be  made  of  f-inch  16-pound 
steel,  and  shall  be  not  less  than  12  inches  in  length  with  the  ends  drawn  to  a  thin  edge. 


■ 


t^" 


.c 
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Shoes  must  be  aet  between  steel  an^^,  sbell  and  bottom  of  tank,  and  must  be  of  suffi- 
nent  width  to  be  properly  calked  outside  the  line  of  the  steel  an^es. 

(12)  Shell. — The  shell  shall  be  composed  of  6  courses,  as  shown  on  Plate  II, 
nch  coiirae  to  be  a  true  circle  and  to  be  bee  from  flaws  and  buckles.    The  first  two  ^ 
courses,  counting  from  the  bottom  upward ,  are  to  have  the  vertical  seams  triple  riveted . 
The  third,  fourth,  and  fifth  courses  are  to  have  the  vertical  seams  double  riveted. 
All  horizontal  seams  are  to  be  single  riveted. 

(13)  Eoof. — Roof  to  be  composed  of  iVuich  steel  plates  weighiog  7.65  pounds  per 
square  foot,  and  to  rest  on  steel  roof  supports  as  shown  on  Plate  III.  The  roof, 
however,  shall  not  be  riveted  to  roof  supports  at  any  point.  When  complete  the  roof 
must  be  ''gas  tight,"  and  shall  show  no  leaks  when  tested  with  an  air  pressure  equal 
to  the  weight  of  the  roof. 

(14)  Roof  tupporU, — Roof  supports  shall  be  constructed  of  steel  shapes  as  shown  on 
Plate  III.  Size  and  fabrication  to  conform  to  those  shown,  and  workmanship  to  be 
approved  by  the  Company. 

(15)  Manholu. — ^Two  manholes  shall  be  placed  in  the  first  course  of  tank,  as  desig- 
nated by  the  Company  in  the  field.  Each  manhole  shall  be  20  inches  deep,  and  shall 
be  made  of  steel  with  welded  seam,  weig}iing  not  less  than  21  pounds  per  square 
foot.  Neck  of  flange  must  be  covered  to  suit  radius  of  tank  shell.  The  manhole  shall 
be  fitted  with  steel  cover  plate  five-ei^ths  inch  thick,  faced  and  punched  to  suit 
boles  in  flange,  and  bolted  to  flange  with  24  }-inch  square-head  bolts  and  hexagon 
nuts.  The  manhole  shall  be  riveted  to  tank  shell  with  f-inch  rivets,  as  shown  on 
Plate  II. 

(16)  Pipe  flangee^  noizUs,  etc, — The  tank  shall  be  furnished  with  the  following 
preesed-eteel  flanges  secured  to  the  shell  with  f-inch  diameter  rivets.  Position  to  be 
designated  in  field  by  the  Company.  One  pair  of  flanges  to  be  threaded  for  8-inch  pipe 
for  drawing  off  water.  One  pair  of  flanges  to  be  threaded  for  8-inch  pipe  for  oil-inlet 
pipe.  Bottom  of  tank  to  be  fitted  with  one  single  flange  threaded  for  8-inch  pipe, 
secured  to  bottom  of  tank  with  f-inch  rivets,  location  to  be  designated  in  the  field  by 
the  C<Hnpany.  Roof  of  tank  to  be  fitted  with  two  8-inch  and  one  4-inch  pressed-steel 
flanges  located  in  field  by  the  Company,  also  with  manholes  and  gage  hatch,  as  shown 
in  detail  on  Plate  III. 

Tank  to  be  fitted  with  one  combined  swing  pipe  and  suction  nozzle,  as  shown  in 
detail  on  Plate  II.  Nozzle  to  be  made  of  single-lap  forge-weldled  steel  plate  i  inch 
thick,  and  to  be  secured  to  shell  of  tank  in  position  located  in  the  field  by  the  Com- 
pany, with  a  double  row  of  f-inch  rivets,  as  shown  on  drawing.  Swing  pipe  and 
suction  end  of  nozzle  to  be  fitted  with  cast-steel  flange,  as  shown. 

(17)  Swing  pipe. — Contractor  shall  supply  and  install  swing  pipe  as  shown  in  detail 
on  Plate  lY .  Swing  pipe  to  be  delivered  on  the  job  so  that  it  may  be  placed  (but  not 
imtalled)  inside  of  the  tank  shell  as  soon  as  the  bottom  is  tested  and  lowered.  Con- 
tractor will  not  be  permitted  to  lift  the  swing  pipe  over  the  shell  of  the  tank  after  more 
&ftn  the  flrst  ring  of  the  tank  is  in  position. 

I  (18)  Double-ewivel  joint  for  swing  pipe. — Contractor  shall  supply  and  install  to  the 
VBtiflbction  of  the  Company  a  double-swivel  elbow  joint  for  connecting  the  swing 
pipe  to  the  swing-pipe  nozzle.  Details  for  this  swivel  joint  are  shown  on  Plate  V. 
(^^nutniction  of  joint  must  follow  closely  details  as  per  drawing. 

(19)  Stairwag, — ^The  Contractor  shall  furnish  and  install  a  stairway  anchored  to 
^e  shell  of  the  tank  and  running  from  the  groimd  to  the  top  of  the  tank,  as  shown  on 
^late  VI.  This  stairway  shall  be  equipped  with  door  covered  with  No.  12  wire 
Kreen,  f-inch  mesh,  as  shown  on  Plate  VI. 

(20)  Explosion  hatches. — ^The  tank  shall  be  eqtdpped  with  eight  explosion  hatches 
'  ^  be  located  on  roof  of  tank  in  field  as  designated  by  the  Company.  Details  of  explo- 
pfiQQ  batches  are  shown  on  Plate  VII.   These  explosion  hatches  are  to  be  furnished 

by  Contractor  and  must  conform  closely  to  drawing.    Brass  rods  must  be  true  and 
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smoothly  turned,  and  must  be  accurately  fitted  in  babbitted  bearings,  as  8h< 
order  that  aluminum  cover  of  hatch  will  rise  without  binding. 

(£1)  Cable  guides  and  stuffing  6(W.— Tank  shall  be  fMxmded  with  cable  gui( 
stuffing  box  for  cable,  as  shown  in  detail  on  Plate  VIII.  One  hundred  leet  o 
diameter  6-stiand  19-wire  plowHsteel  galvaoised-wixe  cable  shall  be  fumia 
Contractor.  Sheave  wheels  for  cable  must  be  accurately  centered  and  s 
securely  riveted  to  tank  shell  and  calked  inside  and  outside  of  tank. 

(22)  Swing-pipe  wiruh. — Swing*pipe  winch  shall  be  furnished  by  Gontrac 
detail  shown  on  Plate  VIII,  and  shall  be  i^aced  in  position  by  Gontrac 
designated  by  the  Company. 

{2S)  Painting. — ^The  outside  of  the  tank,  including  the  top,  shall  be  pain 
one  coat  of  asphaltic,  graphite,  or  other  paint  approved  by  the  Company,  to 
on  with  brush  and  to  thoiouglily  cover  the  metal.    The  bottom  of  the  tank 
painted  with  three  coats  of  the  same  paint,  at  least  6  hours  being  allowed  for 
cessive  coat  to  dry. 

(24)  Inspection. — ^All  material  and  workmanship  shall  be  subject  at  all  time 
inqfiection  of  the  Company  or  its  duly  authorized  representative,  and  any  d 
material,  whether  discov^^ed  before  or  after  it  has  been  used  in  the  work,  sha 
placed  in  the  construction  by  the  Contractor  at  his  own  expense.  Contract 
also  furnish  transportation  from  railroad  to  tank  site  for  such  new  material. 

(25)  Final  test. — Upon  the  completion  of  the  tank,  and  bef  are  it  is  inspected 
be  filled  with  oil  or  water  at  the  option  and  expense  of  the  Company,  and  ai 
that  develop  shall  be  made  tight  to  the  satisfaction  of  the  Company  by  the  Cd 
at  his  own  expense. 

(26)  Boarding  of  work  crew. — ^The  Contractor  shall  provide  board,  lodging,  an< 
portation  for  his  men  at  all  times.  Commissary  water  will  be  fumkhed  by  tl 
pany .  Purifying  of  same,  where  necessary,  to  be  done  by  the  Contractor.  N 
eating  liquors  shall  be  permitted  on  the  premises. 

{27)  Workmanship, — ^The  work  throughout  shall  be  done  in  a  first-class 
like  manner,  and  only  men  competent  in  their  line  shall  be  employed  about 
Upon  demand  of  the  Company,  or  its  duly  authoriaed  representative,  any  w 
who  in  the  judgment  of  the  Company  is  found  to  be  incompetent,  careless,  or 
perate  shall  be  dismissed. 

(28)  Extra  work, — ^These  plans  and  specifications  are  intended  to  describe 
plete  oU-tight  and  gas-tight  tank.  Any  work  and  material  necesnry  to  produ 
a  tank,  although  not  mentioned  in  the  specifications  or  shown  on  the  plans, 
supplied  by  the  Contractor  without  extra  cost  to  the  ComiMiny.  The  Com 
not  pay  for  extra  work  unless  it  has  been  executed  on  a  written  order  by  the  Coi 
or  its  duly  authorized  representative. 

(29)  Riibbish, — On  completion  of  the  work  all  useless  material  used  in 
struction  shall  be  cleared  away  from  inside  and  outside  the  tank,  and  shall  be  rei 
to  such  a  point  upon  the  premises  as  may  be  designated  by  the  Company. 

(30)  Camp  sanitation. — ^The  Contractor  shall  at  all  tunes  maintain  his 
house,  sleeping  quarters,  and  all  other  appurtenant  facilities  in  a  sanitary 
to  the  satisfaction  of  the  Company. 
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AMSBIOAN  800IETT  F0&  TBSTIVO  1IATXBZAL8. 

Philadelphia,  Pa.,  U.  S.  A. 

AfiBiliated  with  the 

Intemational  Association  for  Testing  Materials. 

STANDARD  SPECIFICATIONS 

FOB 

STRUCTURAL  STEEL  FOR  BUILDINGS. 

Serial  designation:  A  9-16. 
Adopted  1901;  revised  1909, 1913, 1914, 1916. 

I.  Manttfaotube. 


1.  (a)  Structural  steel,  except  as  noted  in  paragraph  6,  may  be  made  by  the  Besse- 
mer or  the  open-hearth  process. 

(6)  Rivet  steel,  and  steel  for  plates  or  angles  over  }  inch  in  thickness  which  are 
to  be  punched,  shall  be  made  by  the  open-hearth  process. 

II.  Chemical  Propsbties  and  Tests. 

Ctatiiileal  eompoittloB. 

2.  The  steel  shall  conform  to  the  following  requirements  as  to  chemical  composition: 

Structural  steel.    «  Rivet  steel. 

Phoephorufl(?«*»^«''"; Not  over  0.10  per  cent. 

I0i>en-hearth Not  over  0.06  per  cent.     Not  over  0.06  per  cent. 

Sulphur Not  over  0.045  per  cent. 

Ladle  amAljfet. 

3.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine 
the  percentages  of  carbon,  manganese,  phosphorus,  and  sulphiu*.  This  analysis  shall 
be  made  from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical  com- 
position thus  determined  shall  be  reported  to  the  purchaser  or  his  representative,  and 
shall  conform  to  the  requirements  specified  in  section  2. 

Check  aaalyes. 

4.  Analyses  may  be  made  by  the  purchaser  from  finished  material  representing  each 
melt.  The  phosphorus  and  sulphur  content  thus  determined  shall  not  exceed  that 
specified  in  section  2  by  more  than  25  i>er  cent. 

III.  Physical  Pbopebties  and  Tests. 
Ten^a  tsiti. 

5.  (a)  The  material  shall  conform  to  the  following  zequizementB  as  to  tensile 
propertiee: 


Properties  ooosldered. 

structural  steel. 

Rivet  steeL 

Tensile  8tnngtii>  pounds  per  sauare  inch 

Yield  point,  mimmum,  pounos  per  square 
IzielL 

EloDgatioa  in  8  inches,  minimum,  per  cent. . . 

ElcDgatlan  in  2  inches,  minimum,  per  cent. . . 

65,000  to  66,000 

0.6  tensile  strength — 

1,400,000       ^ 

Tensile  strength 

23 

46,000  to  56,000. 
0.5  tensile  strength. 

1,400,000 

Tensile  strength 

a  See  section  6. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing 
machine. 
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Modlfloattoms  la  «loBca1toiL 

6.  (a)  For  structural  steel  over  }  inch  in  thickneas,  a  deduction  of  1  from  tt 
centage  of  elongation  in  8  inches  specified  in  section  5,  a,  shall  be  made  ii 
increase  of }  inch  in  thickness  above  }  inch,  to  a  roinimuin  of  18  per  cent. 

(6)  For  structural  steel  under  ^  inch  in  thickness,  a  deduction  of  2.5  from 
centage  of  elongation  in  8  inches  specified  in  section  5,  a,  shall  be  made 
decrease  of  -^  inch  in  thickness  below  A  inch. 

B«Bd  tMtl. 

7.  (a)  The  test  specimen  for  plates,  shapes,  and  ban,  except  as  specified 
graphs  h  and  c,  shall  bend  cold  through  180  degrees  without  crackinfi^  on  the 
of  the  bent  portion,  as  follows:  For  material )  inch  or  under  in  thicknefls,  flat 
for  material  over  }  inch  to  and  including  1{  inches  in  thickness,  around  a 
diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material 
inches  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  t] 
nesB  of  the  specimen. 

(6)  The  test  specimen  for  pins,  rollers,  and  other  bars,  when  prepaied  as 
in  section  8,  e,  shall  bend  cold  through  180  degrees  around  a  1-inch  pin  without 
on  the  outside  of  the  bent  portion. 
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FiGuaa  l.^Fonii  and  dimensions  of  test  specimen  for  tension  and  bend- 
ing tests  of  plates,  shapes,  and  bars. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  degrees  flat  j 
without  cracking  on  the  outside  of  the  bent  portion. 

Test  speotmens. 

8.  (a)  Specimens  for  tension  and  bending  tests  shall  be  taken  from  rKXLe^\ 
the  condition  in  which  it  comes  from  the  rolls,  except  as  specified  in 

(6)  Specimens  for  tension  and  bending  tests  of  pins  and  rollers  shall  be 
the  finished  ban,  after  annealing  when  annealing  is  specified. 

(c)  Specimens  for  tension  and  bending  tests  of  plates,  shapes,  and  ban.  el 
specified  in  paragraphs  d,  «,  and/,  shall  be  of  the  full  thickness  of  material 
and  may  be  machined  to  the  form  and  dimensions  shown  in  figure  1,  or 
edges  parallel. 

((f)  Specimens  for  tension  and  bending  tests  of  plates  over  1}  inches  in  tl 
may  be  machined  to  a  thickness  or  diiuneter  of  at  least  }  inch  for  a  lengtb  o/j 
9  inches. 

(e)  Specimens  for  tension  tests  of  pins,  roUen,  and  bars  more  than  1}  inchee 
neas  or  diameter  may  conform  to  the  dimensions  shown  in  figure  2.  In  this 
ends  shall  be  of  a  form  to  fit  the  holden  of  the  testing  machine  in  such  a  way 
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■  

load  shall  be  axial.  Bend  test  specimens  may  be  1  by  )  inch  in  section.  The  axis 
of  the  specimen  shall  be  located  at  any  point  midway  between  the  center  and  surface 
and  shall  be  parallel  to  the  axis  of  the  bar. 

(/)  Specimens  for  tension  and  bending  tests  of  rivet  steel  shall  be  of  the  full-size 
ection  of  bars  as  rolled. 

Vnmber  of  tMtf. 

9.  (a)  One  tension  and  one  bending  test  shall  be  made  of  material  from  each  melt; 
except  that  if  material  from  one  melt  differs  f  inch  or  more  in  thickness,  one  tension 
and  one  bending  test  shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be 
discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen  is  lees  than  that 
specified  in  section  5,  a,  and  any  x>art  of  the  fracture  is  more  than  }  inch  from  the 
center  of  the  gage  length  of  a  2-inch  specimen  or  is  outside  the  middle  third  of  the 
gage  length  of  an  8-inch  specimen,  as  indicated  by  scribe  scratches  marked  on  ihe 
specimen  before  testing,  a  retest  shall  be  allowed. 
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FiouBs  2.— Form  and  dimezisians  of  test  specimen  for  tension  tests  of 
pins,  rollers,  and  bars  more  than  1|  inches  thick. 

IV.  Permissible  Variations  in  Weight  and  Thickness. 

t'endMible  vaziatlons. 

10.  The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vary  more  than  2.5 
per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
i^^&red  by  the  following  permissible  variations.  One  cubic  inch  of  rolled  steel  is 
aasomed  to  weigh  0.2833  pound. 

(a)  When  ordered  to  weight  per  square  foot:  The  weight  of  each  lota  in  each 
shipment  shall  not  vary  from  the  weight  ordered  more  than  the  amount  given  in 
Table  1. 

(6)  When  ordered  to  thickness:  The  thickness  of  each  plate  shall  not  vary  more 
than  0.01  inch  under  that  ordered. 

The  overweight  of  each  lot  &  in  each  shipment  shall  not  exceed  the  amount  given 
in  Table  2. 

«  The  term  "  lot ''  applied  to  Table  1  means  all  of  the  plates  of  each  group  width  and  group  weight. 
^  The  term  "lot ''  applied  to  Table  3  means  all  of  the  plates  of  each  group  width  and  group  thickness. 
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V.  Finish. 
Vlniih. 

11.  The  finished  material  ahail  be  free  from  injurious  defects  and  shall 

workmanlike  finish. 

VI.  Marking. 
MarUiic. 

12.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  ban  an< 
small  sections  shall,  when  loaded  for  shipment,  be  properly  separated  and 
for  identification.    The  identification  marks  shall  be  legibly  stamped  on  the 
each  pin  and  roller.    The  melt  number  shall  be  l^bly  marked,  by  stam] 
practicable,  on  each  test  specimen. 

VII.  Inspection  and  Rejection. 

13.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all] 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  { 
manufacturer's  works  that,  concern  the  manufacture  of  the  material  ordered^ 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to< 
him  that  the  material  is  being  furnished  in  accordance  with  these  specific 
All  tests  (except  check  analyses)  and  inspection  shall  be  made  at  the  place  sf  j 
facture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  ooiidi 
not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in 
with  section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  sn^wnzK 

(6)  Material  that  shows  injurious  defects  subsequent  to  its  acceptance 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  will  be  notified. 

B«keazl]ic« 

15.  Samples  tested  in  accordance  with  section  4,  which  represent  rejected 

shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.    In  case  of 
faction  with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a 
within  that  time. 

DISCUSSION  OF  TAVK  SPECIFICATIONS. 

SAND-LINE  OONST&TJOnON. 

Although  the  modem  steel  tank  of  large  capacity,  as  in  use 
has  proven  itself  admirably  designed  to  withstand  the  pi 
brought  to  bear  upon  it  from  within,  it  is,  nevertheless, 
equipped  against  wind  stresses  from  without.    The  type  of  steel 
with  steel  supports  described  in  the  foregoing  specifications  is 
sidered  by  many  engineers  td  be  sufficiently  rigid  to  insure  the 
against  any  damage  from  the  wind.    Nevertheless,  although 
writer  has  visited  practically  all  the  large  oil-storage  centers  in 
United  States,  and  has  not  found  a  single  properly  constructed  si 
topped  tank  with  steel  roof  supports  that  has  collapsed  during  a 
storm,  ho  believes  that  the  so-called  sand-line  construction  for  o^ 
coming  wind  stresses  can  not  be  too  strongly  recommendedi  andj 
localities  subject  to  wind  storms  should  be  used  in  all  types  of  li 
steel  tanks — ^those  having  steel  roofs  as  well  as  those  with  woo< 
roofs  on  wooden  roof  supports. 
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This  method  of  wind  bracing  is  of  reasonable  cost,  is  effective,  and 
is  easily  applied  to  any  tank.  It  consists  of  stringing  f -inch  flexible 
stpcel  cables  across  4  diameters  of  the  tank,  and  at  such  distances  apart 
t^hat  the  tank  area  is  divided  into  45^  segments,  giving  the  appearance, 
in  horizontal  projection,  of  spokes  in  a  gigantic  wheel.  Two  sets  of 
oables  are  generally  used — one  in  a  plane  about  10  feet  above  the 
bottom  of  the  taiUc,  and  the  other  20  feet  above  the  bottom,  the 
"spokes"  in  the  two  planes  being  sta^ered  so  that  the  shell  in  a 
o5,000-barrel  tank  is  wind-braced  at  intervals  of  approximately  20 
feet  along  its  periphery.  Some  engineers  place  3  sets  of  cables,  the 
topmost  being  attached  to  the  top  angle  iron.  This  precaution  may 
'well  be  used  for  wooden-roof  tanks  with  wooden  roof  supports,  but 
should  not  be  necessary  when  steel  construction  is  used  throughout. 

Formerly  old  sand  lines  that  had  been  discarded  from  drilling 
rigs  were  used — hence  the  name.  However,  for  obvious  reasons,  the 
use  of  such  lines  is  not  good  practice.  Cables  about  a  drilling  rig 
are  seldom  discarded  imtil  they  have  become  badly  worn  and  their 
tensile  strength  consequently  so  much  decreased  that  there  is  danger 
that  the  line  will  break  under  any  heavy  strain,  with  disastrous 
results. 

The  lines  are  fastened  to  the  shell  of  the  tank  by  small  angle  irons 
riveted  to  it,  or  by  through-going  eyebolts  each  of  which  is  provided 
with  a  nut,  washer,  and  gasket  on  either  side  of  the  plate.  At  the 
center  of  the  tank  the  lines  are  attached  to  a  heavy  steel  ring  sur- 
rounding the  center  post,  and  each  radius  or  ''spoke"  is  provided 
with  a  tumbuckle,  so  that  a  practically  uniform  tension  may  be 
obtained  on  all  lines,  and  whatever  adjustment  from  time  to  time  is 
necessary  to  keep  this  tension  constant  can  be  made.  As  the  center 
ring  can  easily  be  constructed  in  two  sections,  this  type  of  wind 
bracing  can  readily  be  applied  to  completed  tanks  as  well  as  to  those 
in  process  of  erection.  The  only  precaution  necessary  is  to  see  that 
the  diameters  upon  which  the  lines  are  strung  are  chosen  so  as  to 
clear  the  roof  supports. 

TANK  BOOFS. 

The  tank  roof  specified  is  composed  of  material  of  sufficient  thick- 
ness to  permit  calking.  Some  companies  prefer  to  use  a  lighter  plate 
and  to  get  the  necessary  tightness  at  the  seams  by  using  a  thread 
''weave"  immersed  in  red  lead  and  placed  between  the  laps  of  the 
sheets  before  they  are  riveted  together.  This  method  cuts  down  the 
cost  of  construction  by  decreasing  the  amount  of  metal  used,  but  is 
criticized  by  many  on  the  ground  that  the  light  hydrocarbon  gases 
rising  frpm  the  oil  will  in  time  '^cut"  the  saturating  material  of  the 
thread  ''weave"  and  completely  destroy  the  tightness  of  the  joint. 
A  further  objection  put  forth  is  that  the  roof  of  a  tank  is  the  part 
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that  deteriorates  most  rapidly  owing  to  the  action  of  these  same  hy- 
drocarbon  gases,  especially  if  the  oil  contains  any  appreciable  amount 
of  sulphur,  and  a  plate  thiimer  than  that  which  can  be  successfuJIj 
calked  (three-sixteenths  of  an  inch)  is  undesirable.  On  the  other 
handy  the  objection  can  be  raised  to  the  use  of  the  heavier  material 
not  only  that  it  increases  the  cost  of  the  tank,  but  that  a  roof  is 
continuously  subject  to  expansion  and  contraction  stresses  as  well  as 
to  atmospheric  pressures  which  cause  it  to  ^'breathe."  Thus  the  seams 
are  subjected  to  distortion  and  it  is  questionable  whether  a  calked 
joint  can  be  kept  tight. 

SIZE  OF  PLATES. 

The  size  of  plate  ordinarily  used  for  the  shell  of  the  tank  is  about 
5  feet  wide  by  16  feet  long  (24  sheets  to  the  ring).  Six  of  such  rings 
are  required  to  obtain  the  necessary  height  of  tank.  Some  com- 
panies, however,  notably  the  Shell  Oil  Co.  of  California,  are  using 
sheets  of  sufficient  width  to  require  only  4  rings  for  a  30-foot  tank. 
They  are  approximately  7  feet  6  inches  wide  and  18  feet  long.  By 
using  plates  of  such  size  it  is  possible  to  eliminate  two  horizontal 
seams  and  four  vertical  seams,  thus  lessening  the  length  of  calked 
joints  in  the  shell  by  more  than  15  per  cent.  On  the  other  hand, 
the  amount  of  metal  in  the  shell  of  a  4-ring  tank  is  necessarily 
more  than  in  a  6-ring  tank  because  of  the  thickness  of  material 
required  to  satisfy  proper  engineering  design  and  the  impracticability 
of  rolling  a  taper  sheet.  It  is  argued  that  if  any  extra  thickness  of 
metal  is  to  be  used,  it  should  be  put  into  the  top  or  the  bottom  plates, 
as  these  are  subject  to  the  greatest  deterioration  by  corrosive  action, 
and  not  into  the  vertical  shell.  Further,  the  laps  of  sheets  when 
properly  riveted  and  calked  seldom  leak,  and  if  leaks  do  occur, 
they  can  be  easily  repaired  because  of  their  accessibility. 

SWING  PIPES. 

The  swing  pipes  used  by  the  various  companies  are  all  of  the  same 
general  type,  differing  only  as  to  details  of  construction.  They 
range  in  size  from  6  to  24  inches  in  diameter,  depending  upon  the 
gravity  of  the  oil  to  be  handled  and  the  size  of  suction  line  that  they 
feed.  Some  operators  equip  their  swing  pipes  with  floate,  making 
it  possible  to  draw  the  oil  from  a  point  always  at  a  certain  definite 
distance  below  the  surface  by  merely  '^ slacking  up"  on  the  cable 
sufficiently  to  allow  the  float  to  carry  the  full  weight  of  the  pipe- 
There  is  the  disadvantage,  however,  that  should  it  be  necessary  at 
any  time  to  raise  the  swing  pipe  when  the  tank  is  empty,  the  float 
makes  the  pipe  unwieldy  to  handle,  and  if  the  pipe  is  made  up  ol 
thin  sheets  of  riveted  plate,  the  usual  practice,  the  resulting  strain 
may  produce  leaky  joints. 
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I 

V.  Finish. 
Finlflh. 

11.  The  finiahed  material  shall  be  free  from  injurious  defects  and  shall  hif 

workman  like  finish .  : 

VI.  Marking. 

12.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  1< 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and 
small  sections  shall,  when  loaded  for  shipment,  be  properly  separated  and  mi 
for  identification.    The  identification  marks  shall  be  legibly  stamped  on  the 
each  pin  and  roller.    The  melt  number  shall  be  legibly  marked,  by  stam] 
practicable,  on  each  test  specimen. 

VII.  Inspection  and  Rejection. 

13.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts 
manufacturer's  works  that,  concern  the  manufacture  of  the  material  ordered, 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to 
him  that  the  material  is  being  furnished  in  accordance  with  these  specific 
All  tests  (except  check  analyses)  and  inspection  shall  be  made  at  the  place  of 
facture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  oondi 
not  to  interfere  imnecessarily  with  the  operation  of  the  works. 

14.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in 
with  section  4  shall  be  reported  within  five  working  days  from  the  receipt  of 

(6)  Material  that  shows  injurious  defects  subsequent  to  its  acceptance 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  will  be  notified. 

15.  Samples  tested  in  accordance  with  section  4,  which  represent  rejected 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.    In  case  of 
faction  with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a 
within  that  time. 

DISGirSSIOV  OF  TAVK  SPEGIFIGATIOVS. 

8AND-LINB  OONSTBUCTION. 

Although  the  modem  steel  tank  of  large  capacity,  as  in  use  to-da 
has  proven  itself  admirably  designed  to  withstand  the  pressia 
brought  to  bear  upon  it  from  within,  it  is,  nevertheless,  pooq 
equipped  against  wind  stresses  from  without.  The  type  of  steel 
with  steel  supports  described  in  the  foregoing  specifications  is 
sidered  by  many  engineers  to  be  sufficiently  rigid  to  insure  the  t 
against  any  damage  from  the  wind.  Nevertheless,  although 
writer  has  visited  practically  all  the  large  oil-storage  centers  in 
United  States,  and  has  not  foimd  a  single  properly  constructed  s 
topped  tank  with  steel  roof  supports  that  has  collapsed  during  a 
storm,  ho  believes  that  the  so-called  sand-line  construction  for  ov 
coming  wind  stresses  can  not  be  too  strongly  recommended,  and 
localities  subject  to  wind  storms  should  be  used  in  all  types  of 
steel  tanks — ^those  having  steel  roofs  as  well  as  those  with  wood 
roofs  on  wooden  roof  supports. 
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diameter  of  488  feet,  a  total  depth  of  about  25  feet,  and  a  slope  on 
the  sides  of  1  to  1.  The  roof  is  constructed  of  wood  covered  with 
roofing  paper.    The  specifications  follow. 

SPBCXnCATXOirB  TOU  OOVBTSVCTZOir  OF  COKO&STX-LXHZD  OXL-STO&AGB 


SECTION  I.-^ENERAL  REQUIREMENTS. 

(1)   DEFXNtnON. 

The Company  in  itself,  or  by  its  duly  authorized  representative,  sliall  be 

referred  to  in  these  specifications  as  the  "Company/' 

The  firm  undertaking  to  furnish  the  material  and  erect  the  reservoir  as  herein 
specified,  in  itself,  or  by  its  duly  authorized  representative,  shall  be  referred  to  in 
these  specifications  as  the  " Contractor/' 

At  all  times  during  the  progress  of  the  work  the  Contractor  shall  designate  some  per- 
son as  his  representative  to  whom  instructioBfl  may  be  given  by  duly  authorized  repre- 
sentatives of  the  Company. 

(2)  Location. 

The  reservoir  shall  be  located  on  the  land  of  the  Company  in  sec.  — ,  T.  — ,  R.  — . 

(3)  Drawings. 

The  drawings  listed  below,  showing  the  details  of  the  construction  of  the  reservoir, 
are  hereby  made  a  part  of  these  specifications:  Plates  XI,  XII,  XIII,  XIV,  and  XV. 

The  drawings  and  specifications  are  intended  to  supplement  each  other,  so  that  the 
work  described  in  the  drawings  and  not  mentioned  in  the  specifications,  or  vice 
versa,  is  to  be  executed  by  the  Contractor  as  if  it  were  both  mentioned  in  the  specifica- 
tions and  shown  on  the  drawings. 

(4)  Shape  and  Plan  or  Construction. 

The  reservoir  shall  be  drcular  in  plan,  as  shown  on  Plate  XI,  and  shall  be  con- 
Btrucied  by  making  an  excavation  and  constructing  around  the  excavation,  with  the 
excavated  material,  an  earthem  embankment.  The  area  within  the  inner  crest  of 
the  embankment  shall  then  be  covered  with  a  wooden  roof,  after  which  the  bottom 
and  the  sides  of  the  place  inclosed  shall  be  lined  with  concrete. 

(5)  DncBNSiONS,  Slopbs,  Arkab,  and  CAPAcmr  of  Embankhbnts. 
The  dimensions  of  the  reservoir  are  as  follows: 

Inside  diameter  at  top,  488  feet. 

Inside  diameter  at  bottom,  437  feet  6  inches. 

Maximum  depth,  approximately  25  feet  11  inches. 

The  slopes  of  the  embankment  shall  be  as  follows: 

Slope  of  embankment  inside  reservoir,  1  horizontal  to  1  vertical. 

Slope  of  embankment  outside  reservoir,  2  horizontal  to  1  vertical. 

Slope  of  embankment  top  of  reservoir,  24  horizontal  to  1  vertical. 

The  width  of  the  embankment  on  top  shall  be  15  feet.  The  area  of  the  bottom 
will  be  approximately  150,330  square  feet.  The  area  of  the  sides  will  be  53,200 
square  feet;  total  area,  203,530  square  feet;  capacity,  in  barrels  of  42  gallons  each, 
approxiinately  750,000. 

(6)  Workmanship. 

All  work  in  connection  with  the  construction  of  the  reservoir  must  be  done  in  a  neat 
Workmanlike  manner,  and  to  the  entire  satisfaction  of  the  Company,  or  its  duly 
authorized  repres^itative. 

(7)  Inspection  of  Material. 

All  material  furnished  by  the  Contractor  as  herein  specified  shall  be  of  the  best  of 
its  respective  kind,  and  shall  at  all  times  be  subject  to  inspection  by  the  Company 
or  its  duly  authorized  representative,  and  any  nuiterial  that  shall  be  found  defective 
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and  be  condemned  by  the  Company  must  be  removed  immediately  by  the  CkmtrM 
and  replaced  by  acceptable  material. 

(8)  Daicaoes. 

The  Contractor  shall  at  all  times  be  responsible  for  damages  to  mateiial  thai 
stored  in  the  vicinity  of  the  reservoir  site  during  the  pxocees  of  its  construction,  a 
the  Contractor  shall  make  good  such  damaged  material  by  supplying  new  matei 
from  time  to  time  at  his  own  cost  and  expense  as  directed  by  the  Company.  7 
Contractor  shall  also  be  responsible  for  any  damages  done  to  the  reservoir,  or  to  a 
part  of  it,  or  to  any  property  of  the  Company  upon  which  the  reservoir  is  situa 
caused  by  the  carelessness  or  negligence  of  any  of  his  employees.  The  Contra< 
shall  also  be  liable  for  all  damages  to  tools,  implements,  and  equipment  fu: 
by  him  during  the  progress  of  the  work. 

(9)  Care  of  Men. 
The  Contractor  shall  have  complete  responsibility  for  the  care  of  the  men  in 

employ,  and  shall  be  liable  for  all  damages  by  accident  to  such  employees.    He  a 
furnish  the  necessary  commissary  for  feeding  his  men,  and  shall  provide  n 
tents,  temporary  houses,  and  equipment  for  sleeping  quarters. 

(10)  Incompetent  Employees. 
The  Contractor  shall  furnish  only  such  men  for  the  prosecution  of  the  work  as 

competent  in  their  particular  line  of  employment.     If  any  employee  is  ju4ged  in 
petent  by  the  Company  or  its  duly  authorized  representative  then  the  Canttftc' 
shall  inunediately  remove  such  employee  and  shall  not  again  employ  him  upon 
work. 

SECTION  II.— EARTHWORK. 

(1)  Nature  of  the  Work. 
The  work  to  be  done  under  this  section  consists  of  excavating  the  necessary 

from  the  interior  of  the  reservoir  and  depositing  such  excavated  material  in  the 
bankments  surrounding  the  reservoir,  in  accordance  with  plans  hereto  attached. 

(2)  Equipment. 
The  Contractor  shall  supply  all  the  necessary  labor,  tools,  and  equipment,  inclu( 

picks,  shovels,  drills,  '^fresno'^  scrapers,  wheel  8crax)ere,  road  machines,  tampers, 
teams,  and  whatever  equipment  is  necessary  for  properly  carrying  on  the  work. 

(3)  Grade  Stakes. 
The  Company  shall  place  grade  stakes  wherever  required  about  the  reservoir, 

the  completed  excavations  and  fills  shall  conform  truly  to  the  slope  and  outline 
determined  by  such  grade  stakes,  and  the  Company  shall  not  be  responsible  for  m 
shall  it  pay  for  any  work  that  does  not  conform  to  such  grade  stakes.    The  Contracts 
and  his  employees  shall  at  all  times  exercise  due  caution  in  caring  for  grade  stakes 
set  by  the  Company,  and  any  employee  willfully  destroying  such  stakes  shall 
immediately  discharged  by  the  Contractor. 

(4)  Excavation. 
The  exact  amount  of  excavation  shall  be  governed  by  the  material  that  must  be' 

excavated,  and  shall  be  determined  by  the  Company  from  time  to  time  during  the 
progress  of  the  work.  Should  it  be  necessary  in  the  opinion  of  the  Company  at  any 
time  to  excavate  more  material  from  within  the  reservoir  than  originally  intended, 
or  to  excavate  material  from  borrow  pits,  the  exact  amount  of  such  excavation  shall 
be  carefully  determined  by  the  Company  by  cross  section,  and  the  additional  yardage 
shall  be  paid  for  at  the  same  rate  as  the  yardage  from  the  original  excavation. 

(5)  Stripping  the  Surface  Soil. 
The  Contractor  shall  first  strip  the  entire  site  of  the  reservoir,  both  that  portion  in 

cut  and  that  portion  to  be  covered  by  embankment,  of  all  vegetable  matter  and  top 
soil.  This  stripping  shall  extend  to  a  depth  of  at  least  8  inches  below  the  surface  and 
to  whatever  greater  depth  may  in  the  judgment  of  the  Company  be  required.    The 
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material  so  stripped  shall  be  removed  from  the  area  and  placed  in  fire  levees  surround- 
ing the  reservoir  site,  or  at  other  points  in  the  vicinity  of  the  reservoir,  as  directed  by 
the  Company. 

(6)  Oil  and  Water  Drains. 

Two  12-inch  oil  lines  and  one  S-inch  water  drain  shall  be  placed  beneath  the  em- 
bankment, as  shown  on  Plate  XII,  at  such  positions  as  shall  be  designated  by  the  Com- 
pany. 

Ditches  for  these  pipes  shall  be  dug  by  the  Contractor  immediately  after  the  surface 
eoil  has  been  stripped.  Pipe  shall  be  furnished  and  laid  by  the  Company.  The 
Contractor,  however,  shall  do  the  work  of  backfilling  the  ditches,  also  of  placing  the 
concrete  blocks,  as  shown  on  Plate  XII. 

(7)  Building  up  the  Embankment. 

The  area  beneath  the  embankment  shall  be  plowed  by  the  Contractor,  thoroughly 
harrowed,  and  moistened  with  water  to  the  satisfaction  of  the  Company.  The  em- 
bankment shall  then  be  built  with  material  excavated  from  within  the  reservoir,  or, 
if  need  be,  from  pits  in  the  vicinity  of  the  reservoir.  The  material  may  be  excavated 
and  placed  in  the  embankment  by  wheel  scrapers,  '^fresno  "  scrapers,  or  wagons.  It 
shall,  however,  not  be  deposited  in  layers  more  than  3  inches  thick,  and  where 
necessary  road  machines  shall  be  employed  to  insure  the  proper  spreading  of  the 
material  in  the  embankment.  Under  no  conditions  shall  material  be  dumped  onto 
the  embankment  in  a  pile  and  not  spread. 

All  material  placed  in  the  embankment  shall  be  moistened  with  water  before 
being  loaded  into  the  scrapers  or  wagons,  and  shall  again  be  moistened  after  having 
been  spread.  Any  excavated  material  from  within  the  reservoir  that,  in  the  judg- 
ment of  the  Company,  is  not  fit  to  be  placed  in  the  embankment  shall  be  placed  by 
the  Contractor  at  a  point  outside  the  reservoir  site,  as  designated  by  the  Company. 

When  the  material  has  been  placed  in  thin  layers  in  the  embankment  and  mois- 
tened as  specified,  it  shall  then  be  tamped  by  at  least  two  roller  tampers  of  the  sheep's 
foot  type.  Each  tamper  shall  be  drawn  by  a  4-horBe  team,  and  shall  be  driven  around 
the  top  of  the  fill,  making  at  least  10  complete  circuits  of  the  reservoir  per  hour. 

Water  for  wetting  material  shall  be  furnished  by  the  Company,  and  shall  be  brought 
by  the  Company  in  water  mains  surrounding  the  outer  circumference  of  the  reservoir 
and  at  a  distance  of  about  20  feet  from  the  outside  toe  of  the  embankment.  The 
Contractor  shall  furnish  and  shall  lay  all  necessary  laterals  from  this  water  main 
into  the  reservoir  site,  and  shall  move  such  laterals  from  time  to  time  as  may  be 
required  by  the  progress  of  the  work. 

(8)  Borrow  Prrs. 

Where  necessary,  borrow  pits  shall  be  designated  by  the  Company  in  the  vicinity 
of  the  reservoir  site.  The  nearest  rim  of  such  a  borrow  pit  shall  be  at  a  distance  not 
less  than  200  feet  from  the  outer  toe  of  the  reservoir  embankment,  and  the  farthest 
rim  of  such  a  borrow  pit  shall  be  at  a  distance  not  to  exceed  400  feet  from  the  toe  of 
the  embankment.  If  it  is  necessary  to  so  locate  a  borrow  pit  that  its  nearest  rim  is  a 
greater  distance  than  600  feet  from  the  outer  toe  of  the  reservoir  embankment,  the 
Contractor  shall  receive  extra  compensation  for  the  removal  of  such  material  as  shall 
be  determined  on  at  the  time. 

(9)  Runways  to  Embankment. 

In  the  construction  of  the  embankment  the  Contractor  shall  build  runways  for  the 
removal  of  the  material  from  the  excavation  inside  the  reservoir  to  the  embankment. 
Theee  runways  shall  be  located  by  the  Company,  and  shall  be  spaced  at  a  distance 
not  less  than  100  feet  apart.  The  scrapers,  wagons,  teams,  etc.,  in  carrying  the  dirt 
from  the  excavation  to  the  embankment  shall  be  driven  up  one  runway  and  shall  re- 
turn to  the  excavation  along  the  top  of  the  embankment  and  down  the  next  adjacent 
runway. 
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(10)  The  Inside  Slope. 

To  obtain  a  homogenous  and  compact  surface  to  the  inner  slope  of  the  embankment, 
the  inner  slope  shall  be  built  and  finished  in  the  following  manner.  The  embankmcni 
of  the  reservoir  shall  first  be  built  up  as  above  provided  in  these  specifications.  Tfa<j 
excavation  shall  be  so  made  that  the  inner  slope  shall  be  about  the  width  of  a  wheel 
scraper  beyond  the  line  of  the  desired  finished  slope,  beginning  at  the  bottom  of  thd 
reservoir  which  shall  be  excavated  for  a  distance  of  about  one  foot  below  the  positioi] 
of  the  concrete  lining.  The  inner  slope  shall  then  be  built  up  by  material  excavated 
from  within  the  reservoir,  deposited  by  wheel  scrapers  in  thin  horizontal  layers,  ajid 
shall  be  moistened  and  thoroughly  tamped  by  the  sheep's  foot  tampers.  This  innci 
embankment,  or  earthen  lining,  shall  be  bound  to  the  original  embankment  and  slope 
by  first  plowing  or  otherwise  roughening  the  original  slope  and  embankment.  When 
this  lining  is  thus  built  up  it  shall  be  allowed  to  stand  for  at  least  3  days  before  being 
trimmed  to  grade.  The  inner  face  of  the  embankment  so  built  up  shall  then  be  trim' 
med  to  a  true  and  even  slope  to  conform  with  the  dimensions  of  the  reservoir  as  herein 
set  forth. 

(11)  Top  of  the  Embankment. 

The  top  of  the  embankment  shall  be  built  at  least  2  inches  higher  than  the  finished 
top,  and  shall  be  made  smooth  and  even  and  brought  to  proper  grade. 

(12)  Outside  Slope. 

As  herein  specified,  the  outside  slope  of  the  embankment  shall  be  2  horizontal  to 
1  vertical.  It  shall  be  built  up  compactly,  and  neatly  finished,  and  upon  completioQ 
shall  be  oiled  by  the  Contractor  for  a  distance  of  3  feet  beyond  the  toe  of  the  embank- 
ment. Oil  shall  be  furnished  by  the  Company  on  the  ground  and  the  Contractor 
shall  provide  the  necessary  equipment  for  sprinkling  the  oil  upon  the  embankment. 

(13)  Bottom  of  Reservoir. 

The  bottom  of  the  reservoir  shall  be  excavated  to  a  subgrade  1  foot  below  the  fini^ed 
grade.  It  shall  then  be  thoroughly  plowed,  harrowed,  moistened,  and  compacted. 
Suitable  refilling  material  shall  then  be  spread  over  it  to  bring  it  up  to  the  finished 
grade.  The  refilling  material  shall  be  spread  on  in  thin  layers  as  specified  for  the 
embankment,  and  shall  be  thoroughly  moistened  and  rolled.  The  roller  used  on  tM? 
work  shall  have  a  smooth  surface,  and  shall  weigh  no  less  than  5  tons. 

(14)  Excavation  por  Post  Footings  and  Swino-pipb  Pit. 

When  the  bottom  of  the  reservoir  has  been  brought  to  the  proper  grade,  the  Con- 
tractor shall  make  excavations  for  the  concrete  footings  for  the  posts,  for  the  swing- 
pipe  pit,  and  for  the  joint  between  the  floor  and  the  side  slabs  as  designated  by  the 
Company.  The  Contractor  shall  remove  from  the  inside  of  the  reservoir  all  such  ma- 
terial excavated,  and  shall  place  it  at  positions  designated  by  the  Company  or  its 
duly  authorized  representative. 

(15)  Extra  Work. 

Extra  work  unless  otherwise  stated  shall  be  done  by  force  account,  but  under  no 
conditions  shall  extra  work  be  performed  by  the  Contractor,  or  paid  for  by  Ihe  Com- 
pany, without  written  authority  from  the  Company.  j 

SECTION  III.— ROOF. 

(1)  Nature  op  the  Work. 

The  work  to  be  done,  under  this  section,  consists  in  the  erection  of  a  wooden  roof 
over  the  reservoir  as  herein  specified,  and  in  accordance  with  drawings  hereto 
attached. 

(2)  Material  and  Equipment. 

The  Contractor  shall  supply  all  the  necessary  material,  equipment,  and  labor  for 
the  construction  of  the  roof.  All  such  material  shall  be  the  beet  of  its  respective 
kind,  and  shall  be  subject  at  all  times  to  the  inspection  of  the  Company  or  its  duly 
authorized  representative .    It  shall  conform  to  the  sizes  as  designated  on  the  drawings. 
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(3)  Roof  Supports  and  Piers. 

Roof  supports  shall  be  wooden  posts  8  by  8  inches,  as  designated  on  Plates  XIII 
and  XIV.  The  posts  shall  rest  on  concrete  piers,  as  shown  on  the  drawings,  and  shall 
be  centered  by  one  dowel  pin,  f  inch  by  6  inches,  in  each  pier.  For  the  convenience 
of  the  Contractor  piers  may  be  poured  in  two  sections,  one  pouring  bringing  the  pier 
flush  with  the  surface  of  the  ground,  after  which  the  reinforcement  fabric  for  the 
bottom  may  be  placed  in  position,  and  the  second  pouring  may  be  made,  bringing 
the  top  of  the  pier  to  the  desired  grade  and  having  the  floor  fabric  embedded  in  it  at 
the  proper  point  so  that  fabric  may  form  a  continuous  reinforcement  for  the  floor  slabs 
(see  paragraph  5,  section  IV).  The  tops  of  the  piers  on  the  bottom  of  the  reservoir 
shall  be  in  the  same  plane,  and  the  piers  shall  be  kept  damp  for  at  least  six  days  after 
having  been  poured  before  posts  may  be  erected  on  them. 

(4)  Roof  Girders. 

The  girders  shall  be  of  4-inch  by  14-inch  material,  and  of  lengths  as  shown  on  Plates 
XIII  and  XIV.  They  shall  be  fastened  to  the  posts  with  f-inch  by  18-inch  drift  pins. 
Girders  and  posts  shall  be  fastened  together  by  knee  braces,  as  shown  on  the  drawings, 
of  2-inch  by  6-inch  material.  Knee  braces  shall  be  bolted  to  posts  and  girders  by 
at  least  two  j-inch  carriage  bolts.  Corbels,  as  shown  on  Plate  XIV,  shall  be  placed 
on  tops  of  posts  in  rows  2, 3;  4,  and  5,  and  shall  be  drifted  throu^  with  f-inch  by  24-inch 
drift  pins,  as  shown. 

(5)  Rafters  and  Mud  Sills. 

All  rafters  shall  be  of  2-inch  by  8-inch  material,  and  of  lengths  as  shown  on  drawings. 
The  outer  row  of  the  rafters  shall  rest  on  a  2-inch  by  12-inch  redwood  mud  sill,  as 
shown  on  Plate  XIII,  and  shall  be  notched  so  as  to  bear  on  the  full  width  of  the  mud 
sill.  A  line  of  2-inch  by  3-inch  double  bridging  shall  be  placed  between  the  rafters 
in  the  middle  of  each  bay,  with  the  exception  of  the  bays  of  the  outer  row.  In  the 
outer  row  of  hay8  three  lines  of  such  bridging  shall  be  placed  as  directed  by  the  Com- 
pany. Bridging  shall  be  nailed  in  position  before  sheathing  is  put  on,  and  two  lOd 
nails  shall  be  used  in  the  end  of  each  bridging.  The  rafters  shall  be  toe-nailed  to  the 
girders  with  lOd  nails,  using  at  least  3  at  each  rafter.  Rafters  that  lap  shall  be  thor- 
oughly spiked  together  with  20d  spikes,  and  where  joints  abut  shall  be  spliced  with 
2-inch  by  8-inch  material  and  thoroughly  spiked.  The  space  between  rafters  at  the 
embankments  shall  be  completely  closed  by  2-inch  by  8-inch  material. 

(6)  Sheathing. 

The  roof  shall  be  sheathed  with  I-inch  by  8-inch  sheathing  surfaced  on  one  side, 
furnished  in  assorted  lengths  from  8  feet  to  16  feet.  Sheathing  to  be  No.  1  material, 
free  from  knots,  pitch  pockets  or  shakes.  The  roof  shall  be  laid,  as  shown  on  Plate 
XIV,  to  break  joints  with  roof  paper. 

Before  the  sheathing  is  laid  the  top  of  rafters  shall  be  trimmed  off  with  adzes  where 
necessary  to  insure  that  sheathing  will  rest  securely  on  each  rafter  and  will  lie  smooth 
and  flat.  A  space  of  approximately  }  inch  shall  be  left  between  each  board  to  allow 
for  swelling  and  shrinkage.  Each  board  shall  be  nailed  with  at  least  three  8d  nails 
on  each  rafter.  All  the  roof  supports  and  the  sheathing,  with  the  exception  of  a  ring 
approximately  10  feet  in  width  around  the  circumference  of  reservoir,  necessary  for 
handling  the  concrete  materials,  shall  all  be  placed  in  position  before  any  of  the  con- 
crete material  other  than  the  post  footings  shall  be  poured. 

(7)  Ventilator,  Ladders,  Walk,  Hatch,  Etc. 

One  ventilator,  as  shown  on  Plate  XIV,  shall  be  constructed  on  the  roof  at  the 
center  of  the  reservoir.  Contractor  shall  also  place  a  stairway  from  the  bottom  of  the 
reservoir  to  the  top  on  the  inside  as  designated  on  Plate  XII,  and  one  stairway  from 
the  outside  toe  of  the  slope  to  the  top  of  the  embankment,  to  be  located  in  the  field 
by  the  Company.  A  wooden  walk  way  shall  be  constructed  by  the  Contractor  from 
the  edge  of  the  roof  to  the  center,  having  branches  to  the  winch  boxes.  This  wooden 
walk  way  shall  be  composed  of  2-inch  by  4-inch  stringers,  and  2-inch  by  8-inch  planks 
2  feet  wide,  laid  with  intervening  spaces  of  about  i  inch.    The  roof  of  the  tank  is  also 
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to  be  equipped  with  a  properly  constructed  hatch  placed  at  the  head  of  the  stairray 
as  shown  on  Plate  XII. 

(8)  Nails. 

The  contractor  shall  furoiah  all  nails  required  in  the  work,  to  be  of  sizes  as  de8ignat«d 
in  the  specifications  and  drawings. 

(9)  RooFiNO  Paper. 

When  the  woodwork  of  the  roof  has  been  completed,  before  any  roofing  paper  ^ 
be  placed  in  position,  the  sheathing  shall  be  thorougjily  swept  and  cleaned  of  aS 
sawdust,  dirt,  gravel,  chips,  shavings,  or  other  material,  particular  care  being  i&k^ 
that  no  nails  are  left  lying  on,  or  partly  imbedded  in,  the  roof.  All  loose  or  project]]^ 
knots  shall  be  removed,  and  knot  holes  exceeding  1  inch  in  diameter  shall  be  coverd 
with  tin  plates  securely  nailed  on.  The  sheathing  shall  then  be  covered  and  m8d< 
water-tight  by  placing  one  layer  of  3-ply  roofing  paper  of  a  quality  to  be  approved  \] 
the  Company  or  its  duly  authorized  representative.  This  paper  shall  be  laid  ii 
accordance  with  Plate  XIY.  Laps  of  paper  shall  be  thoroughly  cemented  togetlni 
and  then  nailed  with  No.  12  roofing  nidls,  the.maximum  spacing  between  naila  to  U 
H  inches. 

After  the  roofing  paper  has  been  laid  in  place,  no  unnecessary  material  of  any  »r 
shall  be  wheeled  or  carried  over  it,  or  stored  upon  it,  and  as  little  walking  as  poadb'i 
shall  be  done  upon  it. 

(10)  Asphalt  and  Gravbl  Coating. 

When  the  roofing  paper  has  been  placed  in  position  as  above  specified,  a  heai^ 
coating  of  hot  asphalt,  at  least  3)  pounds  per  square  yard,  shall  be  applied,  and  tc(^ 
ing  of  hot  gravel  shall  immediately  be  applied  to  the  asphalt.  As  much  gravel  M 
be  used  as  is  held  by  the  asphalt.  After  cooling,  the  excess  loose  gravel  shall  bi 
removed .  Particular  care  must  be  taken  that  hot  gravel  is  applied  to  hot  asphalnsi 
and  that  a  thorough  bond  is  made  between  the  gravel  and  the  asj^alt.  If  such  a  Ni 
is  not  made  in  any  part  of  the  covering,  the  Gontractor  shall  remove  that  part,iacItKl| 
ing  the  roof  paper,  and  shall  replace  it  to  the  satisfaction  of  the  Company. 

(11)  Roofing  Gravel. 

The  roofing  gravel  shall  be  furnished  by  the  Contractor.  It  shall  be  composed  i 
pebbles  rejected  by  a  screen  having  -^inch  openings  and  passing  through  a  xk€ 
having  A*inch  openings.  Gravel  shaJl  at  all  times  be  subject  to  inspection  by  th 
Company  or  its  duly  authorized  representative. 

(12)  Winch  Box. 

The  Contractor  shall  install  on  the  roof  of  the  completed  tank,  as  directed  by  tt 
Engineer,  two  (2)  standard  iron  winch  boxes  which  will  be  fuiniahed  on  the  groan 
by  the  Company. 

(13)  Drains  and  Gitttbrs. 

Gutters  shall  be  constructed  entirely  around  the  outer  edge  of  the  roof,  as  ahovn 
Plate  XIV.  The  drains  from  these  gutters  and  downspouts  leading  from  the  oui 
slope  of  the  embankment  shall  be  constructed  as  shown  on  Plates  XIII  and  XI 
The  galvanized-iron  drains  shall  be  furnished  by  the  Contractor  and  shall  be  of  N 
24  gage  iron.  The  openings  leading  from  the  gutters  to  the  downspouts  shall 
thcwoughly  and  carefully  flashed  with  roofing  paper,  and  all  joints  shall  be  cov 
with  hot  asphaltic  cement  so  as  to  make  a  water-tight  job.  All  drains  leading  do 
the  slope  of  the  embankment  shall  be  constructed  of  wood,  as  per  detail  dw 
and  shall  extend  at  least  10  feet  beyond  the  toe  of  the  slope. 

(14)  Cleaning  Up. 

Upon  completion  of  the  roof,  the  bottom  of  the  tank  and  the  inside  slopes  i^&ll 
thoroughly  cleaned  of  all  small  pieces  of  wood,  roofing  paper,  nails,  refuse.  et| 
which  shidl  be  disposed  of  by  the  Contractor  as  directed  by  the  Company. 
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SECTION  IV.— CONCRETE. 

1)  Nature  of  the  Work. 

The  work  to  be  done  by  the  Contractor  under  this  section  consists  of  constructing 
ipon  the  sides  and  bottom  of  the  reservoir,  in  a  thoroughly  workmanlike  manner,  a 
ining  of  concrete  3  inches  in  thickness,  reinforced  with  metallic  fabric  as  herein- 
ift«r  specified,  and  so  carefully  poured  and  compacted  as  to  be  as  nearly  as  possible 
vater-tigfht.  Under  no  condition  shall  any  of  the  concrete  for  the  sides  or  floor  be 
X)ured  until  the  framework  and  sheathing  of  the  roof,  with  the  exception  of  the  10-foot 
(trip  around  the  circumference  of  the  reservoir  as  hereinabove  specified,  shall  have 
)een  erected.  The  piers  for  roof  supports  must,  of  course,  be  constructed  before  the 
erection  of  the  roof,  as  provided  in  paragraph  3  of  section  III. 
[2)  Matebiaxs,  Labor,  Tools,  etc. 

The  Contractor  shall  furnish  all  materials,  laC^,  tools,  mixers,  barrows,  carts, 
aurs,  skips,  engines,  teams,  wagons,  etc.,  and  any  and  all  other  toob  and  equipment 
aecessary  to  perform  the  work  as  herein  described. 
[a)  Cement. 

A  good  grade  of  Portland  cement  satisfactory  to  the  Company  or  its  duly  authorized 
representative  shall  be  furnished  by  the  Contractor.  Cement  may  be  supplied  either 
b  barrels  or  in  sacks,  at  the  o^^on  of  the  Contractor.  It  shall,  however,  at  all  times 
be  subject  to  the  inspection  of  the  Company,  the  Company  reserving  the  right  to 
reject  any  and  all  cement  that  test  shows  to  be  not  up  to  requirements. 
(6)  Sand. 

The  Contractor  shall  furnish  the  necessary  sand  for  the  contract.    The  sand  must 
be  clean  and  sharp  and  free  from  earth,  clay,  shell,  gypsum,  mica,  or  other  injurious 
material. 
(c)  Rock. 

Crushed  rock  shall  be  furnished  by  the  Contractor  in  sizes  as  follows: 

One-half-inch  rock,  which  shall  be  retained  on  a  f-inch  mesh  screen,  and  shall 
paas  through  a  )-inch  mesh  screen. 

One-inch  rock,  which  shall  be  retained  on  a  J-inch  mesh  screen,  and  shall  pass 
through  a  1-lnch  mesh  screen. 

It  shall  be  of  a  quality  approved  by  the  Company,  and  shall  contain  no  clay  or 
earthy  substances  or  volcanic  ash. 
(tf)  Reinforcinq  Material. 

The  reinforcing  material  used  in  the  bottom  and  on  the  sides  of  the  tank  shall 
be  welded  metal  fabric,  having  a  4-inch-by-4-inch  mesh,  and  composed  of  No.  6 
gage  wires  both  ways.  This  fabric  shall  be  furnished  in  rolls  86  inches  in  width 
and  approximately  240  feet  long.  The  Contractor  shall  supply,  cut,  and  shape  the 
reinforcing  fabric  as  shown  on  Plkte  XV. 

(3)  Water  for  Concrete. 

The  water  for  concrete  shall  be  furnished  by  the  Company  and  shall  be  supplied 
through  the  water  mains  surrounding  the  outer  circumference  of  the  reservoir,  as 
provided  for  in  paragraph  7,  section  II.  The  Contractor  shall  fiunish  and  lay  all 
necessary  laterals  from  these  water  mains  to  the  various  positions  along  the  edge 
of  the  reservoir  where  he  may  have  his  concrete  mixers  in  operation. 

(4)  Preparation  of  the  Reservoir  for  Concrete. 

The  final  preparation  for  the  pouring  of  the  concrete  shall  be  made  by  carefully 
bringing  all  parts  of  the  bottom  and  inside  of  the  reservoir  to  the  finished  grade. 
The  Contractor  shall  also  at  this  time  excavate  for  the  joint  at  the  toe  of  the  slope 
&Qd  shall  remove  all  material  so  excavated,  together  with  all  material  taken  of!  in 
finishing  to  exact  grades  from  the  inside  of  the  reservoir. 
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(5)  Placing  Reinforgbmbnt. 

All  reinforcement  fabric  for  the  bottom  of  the  reservoir  shall  be  laid  befon 
roof  is  put  in  place,  as  specified  in  section  III,  paragraph  3,  and  must  extend 
tinuoufily  along  the  bottom  and  aides  of  the  reservoir  through  the  foundation 
for  the  poets.  Longitudinal  splices  shall  be  lapped  at  least  one  mesh  and  aha 
wired  together  with  No.  16  gage  annealed  iron  wire  to  be  furnished  by  the  Ck)ntr8 
All  reinforcement  must  be  properly  stretched  and  made  to  lie  flat.  Transi 
splices  in  reinforcement  shall  lap  24  inches.  When  the  reinforcement  is  in  p 
and  before  pouring  is  begun,  care  must  be  taken  that  all  stakes,  pins,  bolts, 
used  in  laying  and  stretching  the  fabric  are  removed.  The  fabric  must  be  so  pi 
over  the  entire  area  that  it  can  readily  be  pulled  into  position  in  the  center  oi 
concrete  slab  as  the  pouring  progresses.  Arrangement  of  reinforcing  materij 
shown  on  Plate  XV.  ^ 

(6)  Joint  at  Toe  of  Slope. 

A  wooden  joint  of  l-by-6-inch  material  shall  be  placed  in  the  concrete  at  the 
of  the  slope  inside  the  reservoir,  as  shown  in  detail  on  Plate  XII.  The  metal  fa 
laid  upon  the  slopes  and  the  bottom  of  the  reservoir  shall  pass  through  the  woe 
frame  in  the  joint,  as  shown  on  the  drawing,  and  shall  be  so  laid  aa  to  form  a  i 
tinuous  reinforcement,  tying  sides  and  bottom  togethet. 

(7)  Proportioning  Concrete  Material. 

The  concrete  for  the  bottom  of  the  reservoir  and  for  the  j^en  supporting  the 
shall  be  composed  of  one  part  of  Portland  cement,  two  and  one-half  parts  oi  sa 
two  parts  of  ^inch  crushed  rock,  and  two  and  one-half  parts  of  1-inch  crushed  re 
The  concrete  for  the  aides  of  the  reservoir  shall  be  composed  of  one  part  of  PortI 
cement,  two  and  one-half  parts  of  sand,  and  two  parts  of  )-inch  crashed  rock.  1 
proportions  of  the  various  materials  shall  be  very  carefully  measured  at  all  tii 
by  the  Contractor.  The  Company,  however,  reserves  the  right  to  change  from  t 
proportion  as  it  sees  fit,  and  no  such  changes  shall  in  any  way  be  construed  to  afi 
the  contract  price. 

(8)  Mixing  and  Pouring  Concrete. 

The  bottom  of  the  reservoir  and  the  aide  slopes  shall  be  thoroughly  wetted  before  a 
concrete  material  is  poured  on  them.  In  sprinkling,  however,  the  Contractor  shall  i 
that  no  reinforcing  fabric  becomes  dirty  or  muddy;  and  if  any  dirt  does  adhere 
the  fabric  it  shall  be  thoroughly  removed  before  any  concrete  material  is  poui 
on  it.  The  mixing  shall  be  done  in  batch  mixers  of  a  form  and  type  approved 
the  Company.  No  more  water  shall  be  added  to  the  material  than  is  absolute 
necessary  to  cause  the  concrete  to  spread  properly  over  the  area  to  be  covered.  ( 
both  the  floor  and  the  side  slopes  a  layer  of  concrete  approximately  1}  inches  thii 
shall  first  be  poured.  The  rdnforcing  fabric  shall  then  be  drawn  up  through  tl 
concrete  and  allowed  to  rest  on  top  of  it.  As  soon  as  the  fabric  has  been  drawn  u 
and  before  the  first  layer  of  concrete  shall  have  obtained  its  initial  set,  a  second  lay 
shall  be  immediately  poured,  bringing  the  slab  up  to  the  required  thickness.  Wh< 
the  pouring  has  been  completed,  the  surface  of  the  concrete  must  be  immediateJ 
tamped  with  wooden  tampers  and  then  finished  smooth  and  close-grained  by  troi 
eling.  The  Contractor  must  at  all  times  exerdse  especial  care  that  the  pomtic 
of  the  wire  fabric  is  as  nearly  as  possible  in  the  center  of  the  slab.  He  must  all 
furnish  men  experienced  in  troweling  and  floating  the  surfoce  of  the  concrete,  i 
order  that  it  may  be  made  as  nearly  waterproof  as  possible. 

(9)  Joints  in  Concrete. 

Upon  the  completion  of  a  day's  pouring  the  edges  of  concrete  slabs  shall  be  rougii^; 
beveled  off.  When  work  is  resimied,  this  beveled  edge  shall  be  thoroughly  cleaned 
dampened,  and  well  brushed  with  neat-cement  grout  before  the  next  section  c 
concrete  is  poured. 
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(10)  SpBINKLINO  FmifiHBD  WOKK. 

The  Contractor  ehall  keep  all  of  the  finished  concrete  moiatened  as  directed  by 
the  Company  until  the  final  completion  and  acceptance  of  the  reservoir  by  the 
Company. 
(11)  Gboutinc: 

Should  email  shrinkage  cracks  appear  in  any  part  of  the  floors  or  slopes  at  any  time 
during  the  concreting,  they  shall  be  filled  with  a  cement  grout  as  directed  by  the 
Company.  After  the  concrete  has  been  allowed  to  stand  for  a  period  of  20  days,  both 
the  floor  and  the  slopes  shall  be  grouted  with  cement  wash  of  a  proportion  to  be  deter- 
mined by  the  Company  or  its  duly  authorized  representatiYe. 

esnS&AL  DETAILS  SBGAKDIVG  BESEBVOIB  COVSTBVCTIOV. 

OHOIOS  OF  SITB  POK  BBSBKVOm. 

One  of  the  most  important  factors  upon  which  the  success  of  a 
reservoir  depends  is  the  judicious  choice  of  the  site.  The  soil 
should  be  of  homogeneous  texture,  preferably  a  sandy  clay  in  which 
clay  predominates.  The  site  should  be  well  drained  in  order  that 
any  surface  waters  that  may  percolate  through  the  embankment 
and  get  behind  the  concrete  lining  may  be  carried  away  and  not 
allowed  to  stand,  thereby  placing  on  the  sides  and  bottom  a  hydro- 
static pressure  from  without  that  may  cause  the  concrete  to  crack 
when  the  reservoir  is  empty.  It  has  been  suggested  that  in  largd 
reservoirs  drain  tiles  insuring  the  prompt  removal  of  surface  water 
mi^t  well  be  placed  beneath  the  excavation.  No  site  should  be 
chosen  such  that  the  level  of  adjacent  standing  water,  such  as  back- 
water from  the  arm  of  a  river  or  bay,  will  at  any  time  be  above  the 
level  of  the  bottom  of  the  completed  reservoir.  When  strata  or 
pockets  of  sand  or  other  loose  material  extending  into  the  subgrade 
are  encountered  they  should  invariably  be  removed  for  a  distance 
of  3  feet  or  more  beJow  the  finished  excavation  and  then  refilled  to 
grade  with  selected  earth,  put  on  in  thin  layers  and  carefully  tamped. 

BTTILDINa  EMBANKMENT. 

In  building  up  the  embankment  the  ''sheep's  foot''  type  of  roller 
tamper  (PL  X,  B)  has  proved  most  effective.  A  "road  machine" 
or  road  grader  has  been  successfully  used  by  some  contractors  for 
spreading  the  material,  and  a  heavy  harrow  or  a  drag  scraper  has 
been  used  for  breaking  clods. 

Wetting  down  the  loose  material  is  effective  in  enabling  the  tampers 
to  build  a  compact  embankment,  in  making  the  earth  ride  satisfac- 
torily in  the  scrapers,  and  in  keeping  down  the  dust.  The  usual 
method  of  sprinkling  is  shown  in  Plate  X,  C. 

On  completion  of  the  main  embankment  and  the  refill  on  the 
inner  slope  it  is  necessary  to  trim  from  the  inner  slope  a  foot  or 
more  of  material  to  bring  it  to  the  true  grade  and  to  prepare  it  for 
the  concrete  lining.  Grade  stakes  are  set  on  radial  lines  at  the  top 
and  at  the  inner  toe  of  the  slope  at  distances  of  approximately  10 
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feet  apart  around  the  circumferenoe  of  the  reservoir.  Narrow 
trenches  about  6  inches  wide  are  then  dug  to  grade  by  the  use  of 
mattocks  and  slope-lerel  boards  and  2-inoh  by  4-inoh  strips  38  feet 
long  placed  flat  against  the  finished  siuf  ace.  The  trimming  be- 
tween these  slope  strips  is  then  done  by  hand  or  by  especially  devised 
scrapers  «  (PI.  XVI,  ^  and  £). 

OUTSIDB  8LOPB. 

The  outside  slope  of  the  embankment,  shown  in  Plate  XVII,  Aj 
when  finished  should  be  thorou^y  sprinkled  with  oil,  whidi  not 
only  prevents  the  washing  of  the  earth  by  heavy  rains  but  retards 
the  growth  of  grass  and  weeds  which  when  dry  become  a  serious 
fire  menace.  It  is  good  practice  when  the  reservoir  is  in  use  to  oil 
the  slope  two  or  three  times  a  year,  or  often  enough  to  keep  it  free 
from  vegetation.  A  rapid  and  successfid  means  of  oiling  is  shown 
in  Plate  XVII,  A.  An  ordinary  500-gaIlon  tank  wagon  arranged 
with  a  sprinkler  spout  having  an  extended  arm  on  one  side  so  that 
the  outer  perforations  will  deliver  the  oil  well  toward  the  toe  of  the 
embankment  is  used.  The  lower  part  of  the  slope  is  reached  from 
the  ground  surface. 

BOQF. 

As  previously  stated,  the  roofs  of  all  the  large  reservoirs  so  far 
constructed  have  been  of  wood  covered  with  roofing  paper.  In  the 
opinion  of  the  writer  this  type  of  construction  is  unsatisfactory,  as 
it  not  only  permits  the  sun's  rays  to  heat  the  upper  surface  of  the 
oil  but  it  offers  no  resbtance  to  tibie  passage  of  the  light  hydrocarbon 
compotmds  that  rise  from  the  body  of  the  oil  by  reason  of  such 
heating. 

A  reinforced-concrete  roof  would  certainly  be  a  much  more  per- 
manent type  of  construction,  and  a  concrete  roof  made  sufficiently 
strong  to  uphold  a  foot  or  more  of.  earth  and  tight  enough  to  shed 
seepage  water  woidd  be  an  ideal  construction.  By  this  means  a 
low  and  practically  constant  temperature  could  be  mamtained 
within*  the  reservoir  at  all  times,  and  injuries  to  the  concrete  lining 
through  expansion  and  contraction  and  losses  by  evaporaticm  w^ould 
be  reduced  to  a  minimum. 

Various  stages  of  the  roof  construction  are  shown  in  Plates  XVCE,  By 
XVIII,  A,  and  XVIII,  B. 

CONORBTE  LININO. 

Too  great  stress  can  not  be  placed  on  the  necessity  of  thoroughly 
mixing  and  tamping  the  concrete  lining,  as  imperviousness  of  the 
lining  is  quite  as  important  as  a  proper  backing  for  it.    It  is  abso- 

a  Cole,  E.  D.,  Concrete-lUied  ofl-storage  reservoirs  in  California;  ooDstroction  met)iod     nd  oos^  data: 
iToc.  Am.  Soc,  Ctr.  Bng.,  vol.  41,  Aa|ii8t,  lfl5^  pp.  1377-13SO, 
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» 

lutdy  essential  that  the  finished  concrete  be  dense  and  have  a  dense 
close-grained  glazed  surface.  To  obtain  this  result  a  mechanical 
analysis  of  the  a^regates  to  ascertain  then*  proper  proportions  in 
the  mix  should  be  taken  repeatedly  during  the  progress  of  the  work. 
The  method  for  determining  the  proper  proportions,  described  by 
Fuller  and  Thompson,^  has  been  successfully  used. 

EXPANSION  JOINTS. 

It  will  be  noticed  that  the  foregoing  specifications  make  no  pro- 
vision for  expansion  joints  in  the  concrete  other  than  the  joint 
between  the  floor  and  the  side  slopes  formed  by  the  small  wooden 
form  of  L  cross  section.  This  is  not  strictly  an  expansion  jomt,  as 
the  reinforcement  is  carried  through  it  from  the  sides  to  the  bottom. 
It  forms  a  convenient  line  to  which  to  pour,  and  in  the  more  recently 
constructed  reservoirs  the  form  has  been  removed  entirely  before 
the  slope  concrete  has  been  poured.  Excavation  for  this  joint  is 
shown  in  Plate  XVn,-(7. 

In  the  first  reservoirs  constructed  various  types  of  expansion  joints 
were  used,  but  none  has  proved  satisfactory.  In  fact,  more  than 
one  company  has  spent  a  considerable  sum  of  money  in  removing 
entirely  the  expansion  joints  from  some  of  their  reservoirs,  which  they 
found  to  be  leaking  badly. 

Reed,^  in  a  discussion  before  the  American  Society  of  Civil  Engi- 
neers, stated  that  it  is  his  ''belief  that  expansion  joints  are  not 
necessary  in  work  of  this  type,  provided  there  is  sufficient  reinforce- 
ment in  the  slab  and  the  concrete  is  carefully  cured."  The  writer 
is  inclined  to  agree  with  Reed,  especially  if  the  reservoir  is  compara- 
tively well  filled  at  all  times,  and  when  fresh  oil  is  added  in  any 
appreciable  amount  care  is  taken  to  see  that  it  is  reasonably  cold  and 
is  delivered  into  the  reservoir  well  toward  the  center  of  the  oil  already 
contained  and  not  against  the  concrete  lining.  Even  when  it  is 
necessary  to  withdraw  all  the  oil  from  the  reservoir  there  is  no 
reason  why  a  sufficient  volume  of  water  can  not  be  placed  in  it  to 
keep  the  air  at  all  times  cool  and  moist. 

o  Fuller,  W.  B.,  and  Tbompeon,  S.  £.,  The  laws  of  pioporti<mi2ig  concrete:  Tnuis.  Am.  Boo.  Civ.  Eng., 
vol.  59,  Beoember,  1907,  pp.  87-143. 

h  Reed,  B.  7.,  Concrete-lined  oU-storage  reservoirs  in  CaUfomia;  construction  methods  and  cost  of  data: 
Proe.  Am.  Soc.  Civ.  Eng.,  vol.  42,  February,  1916,  pp.  239-332. 
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TBMPBBATUBB  VABZATIOHS. 

Temperature  variations  throughout  the  year  in  a  storage  reservoir 
filled  with  oil  are  surprismgly  small;  as  is  indicated  by  Table  3 
following: 

Tabub  3. — TtmperoJtuxn  vanJUwul  and  at  various  pohUa  within  K,  T.  A  O.  ReBcrvob 

No.  t,  BakenJUld,  Col, 

[Capadty  of  reaenroir,  600,000  barrels;  depth,  21  feet;  depth  of  oU,  19  feet  9  Inches  (i^pioxliBBtely);  graTity 

of  oU,  14*  B.] 


Data. 

Atmos- 
pheric 
tempera- 
ture,'F. 

Temperature  of  oil,  *¥. 

Utoet 

from 

bofttom. 

7jtoet 

from 

bottom. 

miaet 

from 

bottom. 

n^feet 

from 

bottom. 

1914. 
June    1 
July    1 
Aug.    1 
Sept    1 
Oct.     1 
Nov.    1 
Dec     1 

1915. 
Jan.     1 
Feb.    1 
Mar.    1 
Apr.     1 
May     1 
June    1 
July    1 

70 
87 
W 
60 
60 
63 
48 

37 
50 
48 
58 
56 
70 
80 

57 
62 
60 
62 
62 
64 
59 

56 
54 
54 
53 
55 
56 
57 

57 
62 
60 
61 
63 
64 
59 

56 
53 
54 
53 
55 
56 
50 

60 
63 
66 
64 
67 
65 
59 

56 
53 
54 
54 
55 
56 
63 

66 
69 
73 
73 
72 
68 
59 

56 
53 
54 
55 

89 
62 
63 

Eztrame  variation  in  atmospheric  temperature,  *^F 50 

Extreme  variation  in  temperature  of  oil  2}  feet  from  bottom,  ^F.  9 

Extreme  variation  in  temperature  of  oil  7^  feet  from  bottom,  ®F.  11 

Extreme  variation  in  temperature  of  oil  12}  feet  from  bottom,  ^F.  14 

Extreme  variation  in  temperature  of  oil  17)  feet  from  bottom,  ^F.  20 
Temperatures  taken  at  7  a.  m. 

The  atmospheric  temperature  was  taken  at  7  o'clock  in  the  mora- 
ing;  so  that  the  extreme  variation  in  atmospheric  temperature  shown 
is  not  the  maximum  variation.  The  highest  temperature  for  the 
period  was  106°  F.  at  3  p.  m.  on  August  1, 1914,  and  the  lowest  32*^  F. 
at  4  a.  m.,  January  1,  1915,  so  that  the  actual  extreme  variation  in 
atmospheric  temperature  was  74°.  It  is  safe  to  say,  however,  that 
the  highest  and  lowest  temperatures  recorded  for  the  oil  near  the 
bottom  of  the  reservoir  represent  very  nearly  the  actual  conditions 
for  the  period. 

EFFBCT  OF  OIL  ON  CONORBTE. 

Where  proper  care  has  been  taken  to  make  a  dense  compact  lining 
in  which  all  coarse  material  is  well  embedded  below  the  surface  there 
seems  no  doubt  that  an  oil-tight  structure  can  be  made.  The  writer 
has  repeatedly  seen  samples  of  concrete  lining  taken  from  the  bottoms 
of  reservoirs  20  feet  in  depth  which  have  been  in  use  for  a  period  of 


A.    LIFTINQ  ROOF  SUPPORTS  INTO  POSITION. 


B.    SHEATHED  ROOF  READY  FOR  ROOFING  P 
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five  years.  These  have  shows  practically  no  penetration  whatever. 
Mr.  H.  B.  Truett,  chief  engineer  of  the  fuel-oil  department  of  the 
Southern  Pacific  Railroad,  states  that  he  examined  aTSO^OOO-barrel-Tes- 
ervoir  belonging  to  the  company  after  it  had  been  in  continuous  use 
for  several  years,  and  found  the  concrete  lining  in  practically  perfect 
condition.  A  scratch  with  a  penknife  removed  the  oil  from  the  surface 
of  the  lining  and  showed  the  concrete  white  and  unattacked  in  almost 
every  place  examined,  and  he  found  numerous  places  where  the  oil 
could  be  wiped  from  the  surface  of  the  lining,  leaving  it  scarcely 
discolored  and  as  smooth  and  firm  as  the  day  it  was  put  in. 

W.  E.  Perdew,  chemist  for  the  same  company,  has  made  a  study 
of  the  action  of  oil  on  oil-proofing  materials  and  on  what  was  deter- 
mined by  mechanical  analysis  of  the  aggregates  to  be  a  desirable 
mix  of  concrete. 

The  following  abstract  of  a  report  made  by  him  shows  the  results 
of  his  experiments: 

Concrete  blocks  6  by  12  by  3  inches  were  made  from  the  same  materiala  mixed  in 
the  aame  proportions  as  were  used  in  reservoin  Nos.  3  and  4,  section  7,  Kem  River. 
This  mix  in  parts  by  volume  was  as  follows: 

Aggregate.  ProportlaD. 

Cement 1.0 

Sand 2,5 

1-inch  rock 1.6 

ll-inchrock 3.0 

After  these  bricks  had  been  thoroughly  cured,  dried,  and  brushed  they  were  painted 
with  various  commercial  and  noncommercial  oil-proofing  compounds.  They  were 
then  submerged,  with  one  smoothly  troweled  untreated  brick,  under  a  20-foot  head  of 
14^  B.  oil  kept,  by  means  of  steam  coils,  at  a  temperature  of  120®  F.,  and  allowed 
to  remain  in  the  oil  for  120  days.  The  following  results  were  obtained  with  the  non- 
commercial coatings: 

Acid  sludge — brick  washed  free  of  acid;  not  effective. 

Hydrochloric  acid  (1:1) — supposed  to  fill  mouths  of  pores  with  silica;  not  effective; 
makes  concrete  more  permeable. 

Sulphuric  acid  (1:1) — same  result  as  with  hydrochloric  acid. 

Glue  and  chromic  acid— concrete  brick  painted  twice  with  glue  and  then  with 
potasaimn  dichromate  solution;  exposed  to  sunlight  two  days  and  then  submerged 
in  the  oil;  failure. 

Lead  paint—paint  made  of  red  and  white  lead,  linseed  oil,  and  turpentine  was 
applied  to  a  concrete  brick.  Paint  tended  to  blister  and  peel.  Oil  gained  access 
to  the  brick  throng  ruptures  in  the  coating.  Better  than  some  coating  materials, 
but  not  very  effective. 

Condensation  products  of  phenol  and  formaldehyde— two  bricks  were  painted  with 
this  mixture,  one  of  which  was  baked  before  being  put  into  the  oil.  Coatings  on 
both  failed  on  account  of  cracking. 

Sorel  cements— prepamtion  consisted  of  powdered  magnesium  oxide  mixed  with 
some  filler,  such  as  powdered  silica  and  magnesium  chloride  solution.  The  powder 
and  the  liquid  were  mixed  to  the  consistency  of  thick  paint  and  applied  with  a  brush. 
The  coating  cracked  so  badly  under  the  test  that  it  was  practically  useless. 
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Perdew  goes  on  to  state  that  the  commercial  coatings  were  no  more 
effective  than  the  noncommercial,  and  that  the  smoothly  troweled 
untreated  brick  showed  as  little  penetration  as  any  bricks  tested. 
His  report  gives  the  following  data  regarding  '*  an  attempt  to  decrease 
the  permeability  of  concrete  by  precipitating  barium  sulphate  in  it  as 
it  is  being  mixed." 

Cement:  Cowell. 

Sand :  Unscreened  eand,  aame  as  was  used  in  the  roecrvoir  on  section  7-0,  Coalinga. 

No.  4:  Twelve  briquete  made  from  sand  and  cement,  3:1,  using  13.75  per  coit  water. 
No  additions. 

No.  5:  Eight  briquets  made  from  sand  and  cement,  3:1,  using  13.75  per  cent  water. 
0.1  per  cent  by  weight  of  powdered  barium  chloride  was  mixed  with  the  dry  cement 
and  sand,  and  sufficient  potassium  sulphate  dissolved  in  the  mixing  water  to  pre- 
cipitate all  of  the  barium  as  insoluble  barium  sulphate. 

No.  6:  Eight  briquets  made  with  sand  and  cement,  3:1,  using  13.75  i>er  cent  water. 
0.2  per  cent  by  weight  of  powdered  barium  chloride  was  mixed  withdiysand  and  cement 
before  wetting.  Sufficient  sulphate  ions  added  to  mixing  water  to  precipitate  all  of 
barium  as  sulphate. 

No.  7:  Eight  briquete  made  from  sand  and  cement,  3:1,  using  13.75  per  cent  water. 
0.5  per  cent  by  weight  of  bariimi  chloride  was  mixed  with  the  dry  sand  and  cement 
before  mixing  with  the  water,  to  which  had  been  added  enough  sulphate  ions  to  pre- 
cipitate all  of  the  barium  as  the  sulphate. 

All  briquets  were  stored  under  water  for  20  days.  Then  half  of  each  lot  mm  dried 
in  an  oven,  weighed,  and  submerged  under  about  a  12-foot  head  of  14^  B.  oily  whose 
temperature  was  about  120°  F.  The  other  half  of  each  lot  was  placed  in  a  cool,  damp 
place.    At  the  end  of  3  days  mote,  all  briquets  were  broken,  with  the  following  Fesolts: 

Data  regardmg  concrete  briqtieU  teiied  far  permeMHiff. 
[Total  age  of  all  briquets,  £0  days.] 


Lot  No. 

Average  ten- 
sile strength 
of  briquets  in 
moist  air. 

Average  ten- 
sile strength 
of  briquets  in 
hSoiU 

Perontbr 

Wright  of  dl 

abtofbed. 

4 

6 

6 

7 

Poundtper 
MiMremcfc. 

265 

S90 

286 

280 

Poundtper 
tfuare  incfc. 

825 

380 

280 

380 

6.3 
7.3 
7.3 
6.6 

1 

It  is  evident  that  this  method  is  useless  for  decreasing  the  permeability  of  con- 
Crete.  In  ^t,  it  would  seem  that  it  increases  it.  The  tensile  strength  of  the  different 
lots  was  not  overly  definite,  owing  probably  to  the  short  duration  of  the  test.  It 
would  seem  that  the  precipitation  of  the  barium  sulphate,  or  the  resultant  fonnaticm 
of  potassium  chloride,  accelerates  the  hardening  of  the  concrete,  based  upon  the 
tensile  strength  of  the  briquets  stored  in  the  moist  air.  Also,  the  tensile  strength 
seems  to  decrease  with  the  increase  of  barium  chloride  and  potanium  Bolphate. 
That  the  highest  tensile  strength  recorded  was  that  of  the  No.  4  briquets,  which  had 
been  under  hot  oil,  bears  out  these  conclusions,  and  is  accounted  for  by  asBuming 
that  the  heat  hastened  the  hardening  of  the  concrete,  while  the  oil  had  not  li^  time 
enough  to  disintegrate  it  appreciably. 

Practically  the  same  treatment  was  given  to  briquets  made  from  Coalinga  sand, 
finely  powdered  diatomaceous  earth  from  Casmalia,  Cal.,  and  cement  in  the  proper- 
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tion  15:5:2,  and  it  was  found  that  the  temdle  strength  of  the  briquets  was  decreased 
and  the  penneability  was  increased. 

The  same  test  was  also  applied  to  briquets  made  with  Coalinga  sand,  1:3,  to  which 
was  added  in  the  mixing  water  0.0041  per  cent  iron  in  slightly  acid  solution,  with 
practically  the  same  results  regarding  tensile  strength  and  permeability. 

The  following  tests  were  made  on  briquets  placed  in  14^  B.  oil  (about  10-foot  head), 
120^  F.,  for  a  period  of  22  days.  Tests  for  tensile  strength  wete  taken  before  the 
briquets  were  immersed  in  the  oil. 

Sodium  silicate  solution — causes  decrease  in  tensile  strength  with  increase  of  amount 
added;  and  causes  increase  in  permeability  with  increase  of  amount  added. 

Grade  oil  (4  per  cent  to  9  per  cent  additions) — decreases  tensile  strength  and  in- 
creases permeability. 

In  Goaclusiou  Perdew  states: 

The  fact  is  again  emphasized  that  dense  concrete  is  the  most  impervious  to  oils 
of  13^  to  18^  B.,  even  when  the  oil  is  heated  to  a  temperature  of  120*^  F.  The  pene- 
tration of  oil  through  the  sides  of  the  bricks  that  were  troweled  (the  tops  of  the  bricks 
in  the  molds),  and  hence  the  densest,  was  the  least  in  every  case. 

COST  OF  BBSBBVOIKS. 

The  cost  of  a  reservoir  such  as  covered  by  the  foregomg  specifica- 
tions would  be  10  to  13  cents  per  barrel  of  capacity,  dependent  on 
the  situation  and  other  governing  conditions.  On  a  basis  of  11  cents, 
the  cost  would  be  distributed  approximately  as  follows  : 

Cost  of  earthwork,  cents 3. 5 

Cost  of  roof,  cents 3. 0 

Cost  of  concrete  lining,  cents 4. 5 

Total,  cents 11.0 

An  unUned  earthen  reservoir  with  the  same  type  of  roof  construc- 
tion would  cost  7  to  9^  cents  a  barrel,  and  it  is  estimated  that  a  con- 
crete-lined reservoir  with  a  concrete  roof  on  concrete  roof  supports 
and  covered  with  2  feet  of  earth  would  cost  about  30  cents  a  barrel. 

The  foUowing  figures  for  labor  costs  cover  the  construction  of  two 
750,000-barrel  reinf  orced-concrete-lined  reservoirs  built  at  Bakersfield, 
Cal.,  during  the  winter  and  spring  of  1913-14: 

Labor  eottsfor  two  eonereU  oil  retervoiin  at  BdkenJUld,  Cal. 

Earthwork: 

Excavating  for  embankment,  per  yard |0. 22 

Lining  inner  slopes  with  selected  material,  per  yard 51 

Finishing  floor,  per  square  foot 005 

Excavating  for  pier  footings,  trenches,  etc.,  per  yard 70 

Trimming  slopes,  per  square  foot 012 

Roof: 

Hauling  lumber  from  cars  (}  mile),  perM 1.19 

Framing  lumber  for  roof,  per  M 1. 00 

Erecting  roof,  per  M 3,80 

Sawing  sheathing,  per  M 1. 35 
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Roofing: 

Laying  roofing  paper,  persqtuune 10.12 

Hauling  roofing  gravel  from  cafs  (^  mile),  per  ton 25 

.  Placing  asphalt  and  gravel  coating,  per  square 32 

Concrete  lining: 

Hauling  cement  fnnn  can  (i  mile),  per  ton 54 

Hauling  sand  from  creek  bed  (2  milee),  per  yard .86 

Hauling  rock  (}  mile  from  can),  per  yard 50 

Laying  reinforcing  metal  on  alope,  per  square 16 

Laying  reinforcing  metal  on  floor,  per  square 08 

Pouring  concrete  pien,  per  yard «  4. 63 

Pouring  concrete  floor,  per  yard «2. 51 

Pouring  concrete  slope,  per  yard «  3. 46 

The  figures  given  are  based  on  the  following  conditions: 

Situation  of  reservoir,  half  mile  from  railroad. 

Formation  of  soil,  light  sandy  clay. 

ExcavatoTs  used,  wheel  and  ''fresno''  scrapers. 

Hours  worked  a  day,  9. 

Wage  paid  laborers,  $2.50  a  day. 

Wage  paid  carpenters,  $3.50  a  day. 

Wage  paid  concrete  laborers,  $2.75  a  day. 

Wage  paid  concrete  finishers,  $4.50  a  day. 

Wage  paid  foremen,  $6  a  day. 

LIFE  OF  BESEBVOIKS  ASD  STEEL  TAVES. 

A  properly  constructed  concrete-lined  reservoir  with  concrete  roof 
would  last  for  an  indefinite  period.  The  life  of  the  modem  steel  tank 
is  variously  estimated.  However,  the  consensus  of  opinion  among 
the  majority  of  oil  men  seems  to  be  that  a  commercial  steel  tank  such 
as  is  in  use  to-day,  if  placed  on  a  carefully  constructed  foundation, 
and  if  properly  maintained,  should  last,  with  the  exception  of  the  roof, 
for  35  to  40  years.  The  roof,  if  of  wood,  covered  with  roofing 
paper,  would  of  course  require  repeated  repairs  during  this  period  to 
keep  it  waterproof  and,  even  though  it  were  constructed  with  steel, 
parts  of  it  might  need  to  be  replaced  three  or  four  times  by  reason  of 
deterioration  from  light  hydrocarbon  gases  and  sulphur  fxmies. 

Several  oil  tanks  examined  by  the  writer  have  been  in  use  for  20  to 
25  years,  and  their  sheUs  are  to  all  appearances  in  almost  perfect  con- 
dition. One  tank  at  the  Standard  Oil  Co.  refinery,  Baltimore,  Md., 
of  30,000-barrel  capacity,  has  been  in  continual  service  for  more  than 
35  years.  This  is  a  wrought-iron  tank  made  from  plates  much  lighter 
than  those  used  at  the  present  time  for  a  tank  of  this  capacity.  The 
rivet  spacing  is  also  greater  than  is  used  in  modem  practice,  which 
means  that  the  tank  was  not  designed  with  what  is  considered  to-day 
an  adequate  factor  of  safety.    For  this  reason  for  several  years  past 

a  Including  cost  of  rock,  at  11.60  per  ton.    All  material  except  sand  and  gravel  was  ftimlalMd  by  the 
owner  at  the  Southern  PadAo  R.  R.  ooe-lialf  mile  distant  from  tlw  work. 
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it  has  been  carried  only  about  two-thirds  full,  and,  so  the  superin- 
tendent states,  will  be  cut  down  and  replaced  in  the  near  future.  The 
roof  has  been  replaced  several  times,  but  the  shell  so  far  as  can  be  seen 
is  sound  and  in  good  condition. 

LOSSES  IV  STOBAOE. 

B7  SBEPAaS. 

Oil  losses  by  seepage  from  steel  tanks  and  from  well-constructed 
concrete-lined  reservoirs  can  be  considered  practically  nil.  From 
unlined  earthen  reservoirs,  however,  seepage  losses  may  be  very  large. 
It  is  difficidt  to  determine  just  what  these  losses  are  for  the  reason  that 
most  of  such  reservoirs,  as  previously  stated,  are  used  as  emergency 
containers;  the  oil  put  into  them  coming  unmeasured  from  flowing 
wells. 

However,  there  is  a  record  of  a  500,000-barrel  unlined  reservoir  in 
the  Eem  Biver  field,  Cal.,  that  had  to  be  abandoned  on  account  of 
the  excessive  seepage  losses.  Although  the  reservoir  was  in  use 
only  a  short  time,  pits  dug  subsequently  in  the  bottom  disclosed 
that  the  oil  had  already  penetrated  for  a  depth  of  more  than  20  feet. 

Another  company  in  the  same  field  f oimd  that  its  losses  from  both 
evaporation  and  seepage  from  heavy  oil  of  14^  to  16^  B.  stored  in  a 
1,000,000-barrel  reservoir  over  a  period  of  six  years,  when  the  reservoir 
was  kept  approximately  full,  averaged  0.58  per  cent  a  months  or 
6.96  per  cent  a  year.  After  the  reservoir  had  been  lined  with  concrete 
the  losses  were  reduced  to  approximately  0.176  per  cent  a  month, 
or  2.112  per  cent  a  year.  Assuming  that  the  losses  by  evaporation 
were  the  same  for  the  lined  as  for  the  unlined  reservoir,  Which  was 
practically  the  case,  as  oil  was  constantly  being  put  into  and  with- 
drawn from  the  reservoir  under  both  conditions,  the  saving  of  oil 
due  to  the  lining  was  4.85  per  cent  per  year.  In  other  words,  if  the 
reservoir  were  kept  full  the  yearly  saving  at  the  present  market 
price  of  oil  (about  SI. 00)  would  amount  to  $48,500  a  year,  which, 
placing  the  cost  of  lining  at  5  cents  per  barrel,  would  pay  for  that 
lining  in  a  little  more  than  a  year's  time. 

LOSSES  BY  EVAPORATION. 

If  we  knew  definitely  the  volume  of  usefid  hydrocarbon  products 
that  '^ vanish  into  thin  air"  from  the  wells,  the  transportation  systems, 
the  storage  farms,  and  the  refineries  of  the  United  States  in  one  single 
year's  time  we  might  well  be  staggered  by  the  size  of  the  figures. 
To  form  some  realization  of  their  gigantic  proportions  one  needs 
only  to  stand  in  the  vicinity  of  a  flowing  well  newly  brought  in, 
and  witness  the  volumes  of  gases  rising  like  exaggerated  heat  waves 
from  the  well  itself,  from  the  flow  tanks  in  which  the  oil  is  being 
collected;  from  the  sump  iato  which  it  has  overflowed,  and  from 
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every  surface  exposed  to  the  atmosphere.  The  greatest  lUimeasTired 
loss,  of  course,  takes  place  in  the  vicinity  of  the  welL  Nevertheless, 
this  loss  continues  in  a  large  measure,  especially  as  regards  light  oils, 
through  the  gathering  systems,  the  transportation  systems,  and  the 
receiving  tanks  at  the  refineries,  and  even  from  oil  of  low  gravity 
there  is  a  continual  stream  of  the  light  hydrocarbons  escaping  from 
its  surface  so  long  as  it  remains  in  storage. 

The  following  data  from  Port  Arthur,  Tex.,  give  a  comparison  of 
the  losses  in  a  wooden-roof  tank  and  in  an  all-steel  tank  with  tight 
roof,  having  one  central  vent  pipe  leading  the  escaping  gases  to  a 
point  outside  the  fire  levee. 

Comparative  losses  of  oil  from  a  wooden-roof  tank  and  from  a  steel-roof  tank. 


Data. 

Gravity 

of  oUin 

tank. 

Depth  of 
o&in 
tank. 

Loss. 

Time  in 
storage. 

Percent- 
age of 
loss. 

PerceDt- 
age  of 

Inobea. 

Barrels. 

kMSin 
a  year. 

Woodan-roof 

1016. 
/May  12 
IJima  23 
/kay    5 
Vima  23 

•B. 

55.0 
65.2 
54.7 
54.6 

Ft.in. 
28   11 
37    lU 
20     3 
20     li 

IH 

1,780 
668 

Mo.  dtt9t. 
1       10 

1       17 

3.30 
.687 

30.5 

Btaal-roof. 

5.33 

The  highest  temperature  recorded  at  Port  Arthur  hetween  May  5 
aad  June  22,  1915,  was  lOO"*  F. 

Another  Texas  company  found,  from  "  a  record  of  the  evaporation 
of  naphtha  stored  in  a  wooden-roof  tauk  and  in  a  steel-roof  tank  for  a 
period  of  six  weeks,  that  the  loss  from  the  wooden-roof  tank  was  3.1 
per  cent,  while  the  loss  from  the  all-steel  tank  was  0.42  per  cent." 
On  this  basis  the  annual  loss  from  the  wooden-roof  tank  would  be 
25.20  per  cent,  and  from  the  all-steel  tank  3.40  per  cent,  or  a  difference 
in  favor  of  all-steel  construction  of  21.80  per  cent.  With  gasoline 
at,  say,  15  cents  a  gallon  at  the  refinery  this  woidd  amount  to  $75,500 
a  year  in  a  55,000-barrel  tank,  indicating  that  it  is  the  height  of  folly 
to  attempt  to  store  gasoline  even  temporarily  in  a  wooden-roof  tank. 

The  following  information  covers  tank  farms  ia  Oklahoma  and 
Kansas,  the  oil  in  the  tanks  having  remained  practically  undistributed 
after  the  original  filling. 
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A  report  on  ten  55,000-bairel  tanks,  with  construction  similar  to 
that  of  the  tanks  represented  in  the  foregoing  table,  stored  with  Gush- 
ing oil  in  the  Gushing  field,  showed  the  following  loss  by  evaporatioii: 

GroaB  stock  Nov.  1, 1916 540, 869. 11  bwrrela  of  39.7**  B.  oil 

Gkw  stock  Sept.  1, 1916 537,  S30.  77  barrels  of  39.1' B.  oU 

Shrinkage 3, 338. 34  barrels 

Yearly  loss  by  shrinkage  (evaporation),  0.62  per  cent. 

Two  tanks  of  Healdton  oil  stored  at  Fort  Worth,  Tex.,  showed  the 
following  results: 

Shrinkage  in  one  year  of  HealdUm  oil  in  two  tanks  at  Fort  Worth,  Tex, 
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•Thk  oil  WM  ftUowed  to  stand  in  earthen  sumpe  for  a  considerable  time  beCace  being  skond;  benoethfi 
compantiyely  small  loss  by  evaporatioii. 
h  Onvity  of  oil,  38.6*  B. 
«OiavityofoU,38.1*B. 
'Qnivityofoa,38.4*B. 
«  GiaTity  of  oil,  37.6*  B. 

A  Pittsburgh,  Pa.,  refinery  furnishes  data  r^arding  steel  tanks  of 
65,000-barrel  and  37,000-bajnrel  capacity,  having  wooden  roofs  cov- 
ered with  two-ply  roofing  paper  and  over  that  22-gage  sheet  iron. 
They  were  used  for  the  storage  of  Pennsylvania  crudes,  the  results 
being  as  follows: 

Data  regarding  evaporation  los$es  in  two  Pittsburgh,  Pa.,  tanks. 

55,000-BARREL  TANK. 


Date  of  obesrvation. 


Gravity 
ofoU. 


Sept.  8. 1014. 

Aug.  U,  mo. 


•B. 
44.0 
43.5 


.5 


Oilintank. 


BarreU. 

54,036.13 

53,088.83 


997.79 


Pennsylvania  crude. 

Loss  for  period.  1.84  per  cent,  or  Itar  a 
year  on  same  oasis,  0.95  per  oent 


87,00(>-BARBEL  TANK. 


June  19, 1914. 
Mayl,i916.. 


44.5 
43.5 


1.0 


86,068.51 
33,029.66 


3,138.85 


Pennsylvania  erode. 

Loss  for  period.  5.98  per  cent,  or  for  s 
year  on  same  oasis,  8.18  per  oent 


Eight  new  37,500-barrel  steel  tanks,  having  wooden  roofs  covered 
with  tar  paper,  over  which  was  sheet  iron,  were  fiUed  with  Blinois 
crude  of  an  average  gravity  of  33.1^  B.  The  oil  was  allowed  to 
remain  in  storage  for  a  period  of  four  years,  showing  the  following 
results: 
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Eoaporatum  lostesfrom  eight  woodenrroof  tteel  tanks  filled  mth  lUxnoie  crude. 


Period. 


Average 
gravity. 


A vuBge  lo0>  in  gravity. 


B. 


PeroeDt. 
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First  year. . . 
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Third  year.. 
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1,007 
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844 
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.588 


Total,  foor  years. 
Average  per  year. 


1.80 


5.81 


2,042 


6.006 


.47 


1.45 


510 


1.402 


Data  from  a  Middle-West  corporation  that  handles  large  quantities 
of  crude  petroleum  and  operates  extensively  in  Texas  and  Oklahoma 
show  that  its  oil  is  kept  moving  so  constantly  that  exact  figures  on 
evaporation  losses  can  not  be  given,  but  they  are  believed  to  be 
approximately  as  follows: 

Eoaporoiion  losses  Jrom  Texas  and  Oklahoma  crudes, 

Anmal 
loes, 
Orade  of  olL  Gravity,  *  B.  per  oent. 

DiBtillate 43  to  50  2.0 

North  'Texas  and  north  Louuiana  enidee  (Hg^t) 30  to  40  1. 5 

South  Texas  and  south  Louisiana  crudes  (heavy) 18  to  25  .7 

Oklahoma  crude 30  to  38  1.0 

Oklahoma  crude 38  to  41  2. 5 

The  following  tabulation^  compiled  by  a  California  company,  shows 
the  losses  from  fresh  oils  stored  for  short  periods  of  time  while  on 
the  way  to  the  refinery  or  to  market.  The  tanks  in  which  the  oil 
was  placed  had  wooden  roofs,  some  of  which  were  covered  with 
sheet  iron.  The  length  of  time  during  which  the  oil  remained 
quiescent — ^that  is,  without  additions  or  withdrawals — ranged  from 
5  to  30  days.  If  the  time  was  less  than  30  days  the  amount  shown 
in  the  column  headed  ''Loss  for  30  Days''  was  computed  on  the  basis 
of  the  total  loss  during  the  quiescent  period.  The  tanks  under 
observation  were  in  various  fields  and  the  oils  ranged  in  gravity 
from  13.4°  to  28.5°  B.  Temperature  readings  were  taken  three  times 
a  day — at  7  a.  m.,  at  noon,  and  at  5  p.  m.,  the  average  temperature 
shown  being  the  average  of  these  readings  for  the  period. 

The  average  loss  per  month  varied  from  0.06  per  cent  for  the 
heavy  oils  to  2.5  per  cent  for  light  oils,  and  the  loss  per  year,  based 
on  the  monthly  loss,  varied  from  0.72  to  30.07  per  cent.  The  yearly 
loss,  however,  is  obviously  too  high,  as  the  monthly  evaporation 
would  not  remain  a  constant  quantity  throughout  the  year,  but 
would  decrease  somewhat  from  month  to  month. 
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OIL-STQBAGE  TANKS  AND  BESEBVOIBS. 


A  California  company  reports  that  18^  B.  asphaltum-base  oi 
placed  in  storage  in  a  concrete-lined  reservoir  with  wooden  rod 
showed  a  loss  of  5.52  per  cent  after  a  year's  time,  and  that  during 
this  period  the  gravity  of  the  oil  was  reduced  to  15.5^  B.  So  far  ss 
is  known  all  of  this  loss  was  by  evaporation.  The  same  company  goes 
on  to  say  that  ''Fuel  oil  of  more  than  14^  B.  should  not  be  stored  in 
reservoirs.  The  evaporation  and  leakage  increase  in  proportion  to 
the  rise  in  gravity.  Our  experience  has  been  with  concrete-lined 
reservoirs  in  the  Kern  field  (California)  with  gravity  of  oil  ranging 
about  14^  B.;  out  of  eight  lined  reservoirs  our  smallest  average  loss 
in  one  reservoir  was  0.35  per  cent  a  year;  our  greatest  loss  in  one  of 
these  reservoirs  for  the  same  period  was  1 .92  per  cent,  and  the  average 
loss  in  all  the  reservoirs  for  the  year  was  1.056  per  cent." 

These  reservoirs  have  wooden  roofs  covered  with  roofing  paper. 
and  similar  in  construction  to  the- roof  described  in  the  specificatioiE 

Actual  figures  taken  by  the  writer  from  the  oil-storage  reports  d 
another  California  company  show  the  following  yearly  losses  from 
three  concrete-lined  reservoirs. 

Evaporation  losses  from  three  conereU'lined  tanks  in  Caiybmia. 


Qolesoent  period. 


Sept.  1, 1916,  to  Aug.  1, 1916 

Do 

Do 


Capacity  of 
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Barrda. 
750,000 
750,000 
500,000 


Depth  of 

oiI(appraac- 
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Ft  in. 

21  9 

21  10 

19  10 


Gravity  of 
oU. 


•B. 


14 

14 
14 


Pereent 
Ion  for 
period. 


0.542 
.382 
.030 


Per  out 

basil,  pff 
jwr. 


i9 
.C 

.9 


These  reservoirs  have  wooden  roofs,  and  all  of  the  losses  indicated 
so  far  as  is  known  were  from  evaporation. 

Table  5  following,  comprising  a  compilation  of  foregoing  data, 
would  indicate  the  average  losses  by  evaporation  from  various  grav- 
ities of  distillates  and  crudes.  However,  the  figures  can  not  be  taken 
as  a  basis  on  which  to  estimate  closely  future  losses,  for  the  redson 
that  although  most  of  them  seem  fairly  reliable,  it  must  be  i^ 
membered  that  petroleum  is  an  extremely  complex  mixture  of  hydnv 
carbon  combinations  having  various  gravities  and  various  boiling 
points.  A  crude  oil,  for  instance,  with  a  gravity  of  40*^  B.  mar  be 
composed  of  some  of  the  heavier  hydrocarbons  and  some  of  the 
very  light  hydrocarbons,  whereas  another  oil,  with  the  same  gravity, 
40°  B.,  may  be  composed  of  hydrocarbon  compoimds  varying  little 
from  that  gravity.  The  first  oil  would  lose  rapidly  by  evaporation 
when  placed  in  storage,  whereas  the  latter,  although  originally  of 
the  same  gravity,  would  evaporate  much  more  slowly. 


L08SES  IN  BTOBAQE.  49 

The  siunmary  does  serve  to  show  that  there  is  a  considerable  loss 
from  all  grades  of  oil  when  placed  in  storage,  and  that  the  evaporation 
from  some  grades  of  fresh  oil  is  alarmingly  large.  Although  the 
figures  are  admittedly  incomplete,  as  the  majority  of  operators  have 
no  reliable  information  as  to  exact  losses  from  evaporation,  it  is  hoped 
that  publication  of  the  figures  may  assist  to  stimulate  producers  and 
refiners  generally  to  a  more  systematic  effort  toward  determining  the 
real  magnitude  of  such  losses.  When  this  is  done  the  writer  beUeves 
the  inevitable  result  will  be  much  more  definite  and  sytematic  efforts 
toward  overcoming  these  losses  than  are  at  present  exercised. 
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DIFFICULTIES  IN  OBTAINING  BBUABLS  DATA  BEOABDING  EYAPOBATION 

LOSSES. 

In  dealing  with  large  bodies  of  oil  as  contained  in  reservoirs  of 
750,000-barrel  to  1,000,000-barrel  capacity  the  "personal  equation" 
of  the  gager  may  make  a  considerable  discrepancy  in  results.  There 
is  also  the  likelihood  of  applying  an  incorrect  coefficient  of  expansion  ^ 
in  majking  the  necessary  volumetric  corrections  occasioned  by  reason 
of  the  oil  having  a  temperature  above  or  below  the  normal.  For 
exact  work  the  coefficient  of  expansion  for  each  oil  in  question  should 
be  determined.  Two  oils  of  shnilar  physical  characteristics  seldom 
have  the  same  coefficient  of  expansion.  For  instance,  it  is  the 
custom  of  many  companies  in  handling  low-gravity  oil  to  subtract 
from  the  volume,  if  the  indicated  temperature  is  above  60^  F.,  and 
to  add  to  it  if  below  60^  F.,  an  amount  equal  to  1  per  cent  of  the 
indicated  volume  for  every  20  degrees  variance  from  the  normal 
temperature,  which  is  another  way  of  saying  that  a  coefficient  of 
expansion  of  0.0005  is  applied.  Suppose,  however,  that  the  actual 
coefficient  of  expansion  was  0.0004  (or  such  that  the  applied  correc- 
tion would  be  1  per  cent  for  every  25  degrees  variance  in  temperature), 
and  that  the  reservoir  under  consideration  is  of  1,000,000-barrel 
capacity  having  the  variance  in  temperature  10  degrees;  the  computed 
figures  would  then  be  in  error  by  1,000  barrels. 

BBVICEB  VBED  FOB  LB8BSNXNG  BVAFOBATZON  LOSSB8. 

Why  does  oil  evaporate?  The  accepted  theory  regarding  the 
constitution  of  matter  and  the  nature  of  heat  assumes  that  all  liquids 
are  composed  of  molecules  which  are  held  together  by  mutual  at- 
traction. When  a  liquid  is  wanned  above  —  273^  C.  the  molecules 
are  in  constant  and  rapid  motion,  and,  as  a  result  there  are  spaces 
between  them.  As  heat  is  applied  to  the  liquid  the  molecules  move 
more  and  more  rapidly  and  strike  against  each  other  with  greater 
force,  separating  further  against  the  force  of  cohesion.  Molecules 
near  the  surface  of  the  liquid  and  vibrating  rapidly  pass  out  from  it. 
Some  are  drawn  back  again  into  the  liquid  by  cohesion,  but  some 
escape  into  the  air  above  the  surface.  If  the  vessel  containing  the 
liquid  is  open,  in  time  all  may  escape.  However,  if  the  vessel  is 
tightly  closed  the  molecules  can  not  escape  from  it,  and  even  though 
it  be  only  partly  filled  with  liquid  the  air  above  the  surface  soon 
becomes  so  filled  with  vibrating  molecules  that  the  number  leaving 
the  surface  of  the  liquid  in  a  given  time  is  just  equal  to  the  number 
going  back  into  it.  The  air  above  the  liquid  is  then  saturated  and 
evaporation  ceases.  If  the  temperature  of  the  liquid  in  the  closed 
vessel  is  increased,  vaporization  again  takes  place,  but  ceases  as 

a  See  Croasfleld,  A.  S.,  The  coefBdent  of  expansion  of  CaUfornia  crude  oils  and  distillates:  West.  Eng. 
vol.  0,  December,  1916,  pp.  221^338. 
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soon  as  the  air  in  the  veesel  above  the  liquid  becomes  saturated  for 
that  temperature.  However,  the  pressure  in  the  vessel  is  increased. 
If  the  warm  saturated  air  is  cooled  some  o{  the  vapor  condenses  and 
returns  to  the  liquid  and  the  pressing  is  decreased. 

Devices  for  preventing  evaporation  losses  should  be  designed  with 
two  purposes  in  view — ^first,  to  keep  the  temperature  of  the  oil  in 
the  vessel  as  low  as  possible,  and,  second,  to  make  the  container  as 
tight  as  practicable. 

WATEB-SEAL  TOPS. 

Perhaps  the  most  conmion  method  of  decreasing  evaporation  losses 
in  an  oil-storage  tank  is  by  the  water-seal  top,  shown  in  Plate  XIX,  A. 
This  form  of  construction  is  usually  applied  to  small  tanks  of  1 ,000- 
barrel  to  5,000-barrel  capacity  such  as  run-down  tanks  in  which 
naphthas  and  light  refined  products  are  received  from  the  tail  houses. 
The  construction  of  the  tank  is  similar  to  other  steel  tanks  except 
that  it  has  a  fiat  roof  constructed  from  riveted  plate  calked  and 
made  water-tight,  which  is  placed  about  6  inches  below  the  upper 
edge  of  the  shell.  The  space  inclosed  above  the  plate  is  then  filled 
with  water  that  can  be  kept  constantly  circulating,  thus  keeping  the 
tank  and  its  contents  cool.  The  tank  shown  in  Plate  XIX,  A^  is 
also  fitted  with  a  relief  vent  (in  the  foreground)  which  permits  the 
escape  of  gas  through  a  water  seal  and  allows  air  to  be  taken  in,  as 
when  the  tank  is  being  emptied,  through  a  awing  check  valve  open 
to  a  pressure  from  without,  but  closed  to  pressure  from  within  the 
tank. 

Table  6  following  shows  the  results  of  tests  made  with  small  tanks 
of  100-barrel  capacity,  some  of  which  had  plain  sheet-iron  tops  and 
others  water  tops.  Each  water-top  tank  was  also  protected  with  a 
sheathing  of  1-inch  boards  surroimding  the  sides  and  the  top  of  the 
tank  and  at  a  distance  of  about  18  inches  from  it.  The  use  of  these 
protective  devices  decreased  the  losses  by  evaporation  as  much  as 
14  per  cent. 


A.    STORAGE  TANK  WITH  WATER-SEAL  TOP. 


B.    SPRINKLER  FOR  COOLIHQ  TANK. 
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Tablb  6. — Results  of  comparative  SO-day  tests  for  losses  in  pUnn-top  and  water-top  tanks 

protected  with  theatking. 

[Nominal  capacity  of  tanks,  100  barrels;  galvaoized  iron;  9  feet  5|  incbes  in  diameter;  7  feet  lof  inches  high 

l&gage  Iron.] 

TEST  L 


Date  of 
tmt. 

Temper- 
ature of 
oil. 

Volume 
in  tank. 

Corrected 
gravity. 

Losses. 

Gravity. 

Barrels. 

Per  cent. 

• 

Plain-top  tank: 

Test  started     .  .. 

1915. 
Sept.  28 
Oct.   27 

•  F, 
92 

84 

BarreU. 
92.57 
75.02 

23.4 
27.4 

•B. 

Twft  <*nfahfld 

Losses 

17.55 

19 

6.0 

Water-top  tank: 

Test  started 

Sept  28 
Oct.  27 

86 
71 

93L72 
90.10 

33.6 
33.3 

Twrt  flpfeflied 

T/Oflsfls 

3.62 

3.86 

.8 

Saving  by  use  of  water 
top 

13.93 

15*14 

6.7 

TEST  2. 


Plain-top  tank: 

Test  started 

1915. 
Nov.  17 
Dec.  17 

76 
M 

81.43 
72.44 

31.0 
26.8 

T«*t  flnJshed        

Losses 

8.99 

11.04 

4.2 

Water-top  tank: 

Test  started 

Nov.  17 
Dec.  17 

71 
54 

82.44 
82.37 

30.0 

3ao 

Tflpt  flni?»hftd      

T/oaaoB 

.07 

.1 

.0 

Saving  by  use  of  water 
top 

8.92 

10.94 

4.2 

TEST  3. 


Plain-top  tank: 

Twit  startfid 

1916. 
Aug.    8 

Sept.   8 

90 
90 

85.88 
73.70 

29.9 
25.7 

Test  finished 

LflMWx ....    ... 

12.18 

14 

4.2 

Water-top  tank: 

Test  started 

Aug.    8 
Sept.   8 

90 

78 

84.66 
84.66 

29.9 
29.8 

Tflst  finished 

LfOflses 

.0 

.0 

.10 

Saving  by  use  of  water 
top 

12.18 

14 

4.1 

wv^. ■**-**■***■***■**« 

Mean  Temperatures. 

Test  i.—Mean  temperatures:  7  a.  m.,  75.6**  F.;  12  m.,  101.2**  F.;  5  p.  m.,  80.7**  F.; 
average,  85.8^  F.  (average  temperature  not  strictly  accurate  as  no  midnight  tempera- 
ture was  taken). 

Test  J?.— Mean  temperatures:  7  a.  m.,  47.6**  F.;  1  p.  m.,  62.8®  F.;  5  p.  m.,  60**  F.; 
12  p.  m.,  60**  F.;  average,  55®  F. 

Test  ^.— Mean  temperatures:  7  a.  m.,  90.8®  F.;  12  m.,  92.5**  F.;  5  p.  m.,  91**  F.; 
12  p.  m.,  72.8**  F.;  average,  86.7®  F. 


SPRINKLING  TANKS   WITH  WATER. 


Plate  XIXy  By  shows  a  tank-sprinkling  device  used  by  a  Pennsyl- 
vania company.  It  is  made  on  the  principle  of  a  lawn  sprinkler  and 
is  placed  on  the  roof  at  the  center  of  the  tank.  During  hot  weather 
the  spraying  device  is  kept  in  constant  operation.    The  water  on 
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3  feet  deep  is  constructed.  A  swinging  pipe  can  be  lowered  into 
the  sump  when  it  is  desired  to  drain  the  entire  contents  of  the  tank. 

After  the  forms  inside  the  tank  have  been  removed  from  the 
walls  and  bottom  these  surfaces  are  giyen  one  to  three  coats  of  neat 
cement.  When  this  has  thoroughly  dried,  several  coats  of  a  com- 
mercial oil-proofing  paint  are  applied. 

One  such  tank  has  been  in  use  by  an  Oklahoma  company  for  the 
storage  of  42^  B.  oil,  since  October,  1916.  So  far  the  tank  has 
given  complete  satisfaction  and  the  erection  of  additional  tanks  in 
the  near  futm«  is  proposed. 

The  estimated  cost  of  concrete  construction  for  various  sizes  of 
tank  is  as  follows: 

Estimated  cost  of  various  sizes  of  concrete  tariks. 


Capacity 

Cost. 

Oapadty 
of  tank, 

Cost. 

barrels. 

barrels. 

250 

S500 

6,000 

13,900 

600 

776 

10,000 

7,500 

750 

1,000 

15,000 

10,000 

1,M0 

1,760 

35,000 

15,600 

1,600 

2,000 

55,000 

18,000 

2,500 

2,000 

In  connection  with  the  use  of  underground  concrete  tanks  for  the 
storage  of  oil  it  is  interesting  to  note  that  the  El  Paso  &  Southwestern 
Railroad  Co.,  at  various  places  along  its  system,  has  for  the  past  five 
years  been  storing  fuel  oil  of  24^  to  38^  B.  in  circular  concrete  tanks 
about  12  feet  in  diameter  by  6  feet  deep.  The  bottoms  of  these  tanks 
are  8  inches  thick  and  the  sides  6  inches  thick,  and  each  tank  is 
covered  by  a  concrete  roof.  The  proportion  of  the  mix  is  1:2:4 
and  the  largest  rock  1  inch.  The  aggregate  is  thoroughly  mixed,  and 
care  is  taken  that  when  it  is  placed  in  the  forms  it  is  well  tamped  and 
all  air  bubbles  thoroughly  worked  out  so  as  to  insure  as  dense  a  con- 
crete as  possible. 

Tanks  that  have^  been  in  use  five  years  have  been  examined  inside 
and  out  but  no  signs  of  leakage  were  discovered.  At  present  the 
company  has  12  such  tanks,  and  their  adaptability  to  oil  storage  has 
proved  so  satisfactory  that  more  are  in  process  of  construction.  No 
oil  or  waterproofing  compounds  are  used. 

A  local  company  at  San  Antonio,  Tex.,  has  three  such  tanks,  but 
of  much  greater  capacity  (180,000  to  400,000  gallons)  in  which  oils 
ranging  in  gravity  from  15®  to  30**  B.  have  been  stored.  One  of  these 
tanks  has  been  in  use  1 2  years.  It  was  emptied  recently  and  examined 
inside  and  out  but  no  signs  of  leakage  were  found.  The  mix,  as  for 
the  El  Paso  tanks,  is  1:2:4  and  the  coarsest  abrogate  1-inch  rock. 
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At  present  a  fourth  tank  is  being  oonstructed.  This  will  have  a 
diameter  of  61  feet  6  inches,  a  depth  of  18  feet,  and  a  capacity  of 
about  400,000  gallons.  The  bottom  wiU  be  17  inches  thi(dc  and  the 
sides  2  feet  at  the  bottom  tapering  to  1  foot  at  the  top;  aU  heavily 
reinforced  with  steel  rods.  No  oil-proofing  compounds  are  used  in 
any  of  these  tanks. 

A  local  electric  company  at  St.  Helena,  Cal.,  built  a  rectangular 
reinforeed-concrete  tank  in  1911.  This  tank  is  16  feet  long,  14  feet 
wide,  and  5i  feet  deep,  haying  a  capacity  of  approximately  10,000 
gallons.  The  bottom  is  20  inches  thick  and  the  sides  8  inches  at  the 
bottom,  tapering  to  5  inches  at  the  top.  Both  the  sides  and  the  bot- 
tom were  reroforced  vnth  steel  rods.  At  the  time  the  tank  was  con- 
structed it  was  coated  inside  vnth  a  solution  of  sodium  silicate. 
However,  after  18  months  of  service  the  coating  had  become  prac- 
tically useless.  The  tank  at  this  time  was  examined  inside  and  out- 
side by  digging  pits,  but  as  no  leakage  was  f oimd  no  further  attempt 
at  oil  proofing  was  made.  Since  that  time  the  tank  has  been  con- 
tinually in  service  for  the  storage  of  oil  varying  in  gravity  from  IS"" 
to  26^  B.  The  roof  of  this  tank  is  made  of  wood  covered  with  roofing 
paper.  As  a  means  of  lessening  evaporation  losses  and  providing  a 
run-off  for  rain  water,  as  the  wooden  roof  is  practically  flat,  a  second 
corrugated-iron  roof  of  proper  pitch  has  been  constructed  about  3 
feet  above  the  first  roof,  allowing  free  circulation  of  air  between  the 
two. 

A  refining  company  at  Fort  Smith,  Ark.,  has  two  small  rectangular 
reinforeed-concrete  tanks,  one  10  by  14  by  6  feet,  and  the  other  8  by 
10  by  5  feet,  which  have  been  successfully  used  for  the  storage  of  oib 
up  to  40^  B.  for  the  past  seven  years.  There  is  nothing  tmusual  in 
the  construction  of  these  tanks  except  that  they  were  made  of  care- 
fully selected  aggregate  well  mixed  and  thoroughly  tamped.  No 
oil-proofijig  materials  were  used. 

A  large  oil  company  at  Tulsa,  Okla.,  has  recently  completed  a  con- 
crete reservoir  about  200  feet  square  by  24  feet  deep.  The  waUs  of 
the  bottom  12  feet  have  a  slope  of  about  1:1,  and  are  supported  by 
the  natural  earth  backing,  whereas  the  walls  for  the  remaining  12 
feet  are  vertical  and  backed  by  the  excavated  earth.  The  reservoir 
has  a  concrete  roof,  built  on  much  the  same  principle  as  the  floor  of  a 
modem  class  A  building.  The  intention  is  to  keep  the  roof  of  this 
reservoir  covered  by  2  feet  or  more  of  water  and  to  allow  the  water 
to  percolate  down  through  the  earth  along  the  outside  of  the  concrete. 

The  table  following  shows  a  list  of  companies  that  are  using  small 
concrete  containers  for  the  storage  of  oil,  also  the  kind  of  oil  stored, 
and  whether  the  container  has  proved  satisfactory. 


A.     EXCAVATINS  F 


B.    FORMS  FOR  CONCRETE  TANK. 


C    COMPLETEO  TANK. 
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PAINTINO  TANKS  LIGHT  OOLOB8. 

Many  oil  operators,  especiallj  throughout  the  eastern  and  the 
middle  western  &elds,  have  adopted  white  or  light-colored  paints  for 
storage  tanks.  It  is  reported  that  tests  hare  demonstrated  that 
evaporation  from  tanks  painted  white  averages  about  1  to  1^  per  cent 
less  than  from  tanks  painted  red,  and  about  2^  per  cent  less  than  from 
tanks  painted  black.  These  figures  have  not  been  verified,  but  tests 
made  by  the  Institute  of  Industrial  Research  ^  show  that  dark- 
colored  paints  absorb  heat  to  a  considerable  degree,  and  paints 
presenting  a  highly  glossy  surface  are  leas  absoiptive  of  thermal 
rays  than  those  presenting  a  matte  surface. 

Experiments  were  conducted  wherein  small  tanks  oontaimng 
benzine  were  painted  in  various  colors  (gloss  finish)  and  then  sub- 
jected to  the  rays  of  a  powerful  arc  light  for  15  minutes.  At  the 
end  of  that  period  the  rise  in  temperature  of  the  benone  was  as 
follows: 

Rise  in  temperature  of  benzine  stored  in  tanks  of  various  colors. 

RlwlB 

Color  of  pslnt  or  oorflriiig.  tMDpontnn, 

•F. 

Tin  plate  (tank  plated  with  tin) 19.  S 

Aluminum  paint 20. 5 

White  paint 22.5 

Li^lrcream  paint 2^  0 

lig^t-pink  paint 23.  7 

Light-blue  paint .' 24.3 

Light-gray  paint 28.3 

Light-green  paint 26.6 

Red  iron  oxide  paint 29.7 

Dark  pruaaian  blue  paint 3S.  7 

Dark  chrome  green  paint 39. 9 

Black  paint 64.0 

Tin  plating  and  almninum  painti  as  will  be  seeui  gave  the  best 
results.  However,  neither  of  these  finishes  is  practicable  for  outside 
work,  as  iron  coated  with  tin  corrodes  rapidly,  and  aluminum  paint 
soon  loses  its  gloss  and  becomes  flaky.  The  rise  in  temperature  of 
the  benzine  in  the  tank  painted  black  was  31.5^  F.  greater  than  the 
rise  in  the  tank  painted  white,  or  140  per  cent.  Although  resulta 
such  as  obtained  by  these  laboratory  experiments  could  not  be 
expected  in  actual  practice,  there  is  undoubtedly  a  decided  advantage 
to  be  gained  by  painting  storage  tanks  white. 

a  Gardner,  H.  A.,  The  heat-reflecting  properties  of  colors  applied  to  oH  and  gas  storage  tanks:  Cironisr 
44,  Paint  Mfg.  Ajsn.  of  U.  S.,  Kdociatioiial  Boraan,  SeL  sea,  Jannaiy,  1917,  p.  1. 
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coMPTTTnro  voiim  of  tavks  avd  bbsebvoibs  avd 

PBBPAXnrO  OAOE  TABLES. 
METHODS  OF  OBTAINIKa  FIBIJ)  DATA  BBOABDINa  TANKS. 

The  methods  used  by  the  yarioua  oil  companies  in  obtaining  the 
data  necessary  for  computing  the  volumes  of  oil  tanks  and  reservoirs, 
and  for  preparing  gage  tables  are  practically  the.  same,  differing  only 
in  minor  details.  As  regards  steel  tanks  there  is  much  discussion 
as  to  just  how  many  circumference  measurements  are  necessary  for 
accurate  worik.  Some  companies  take  only  two  (for  a  6-ring  tank), 
the  lower  one  being  at  the  middle  of  the  second  ring  and  the  upper  as 


FiouBB  3.— Points  betweui  which  varicNu  measuremenU  for  height  of  sheets  apply. 

near  as  practicable  to  the  middle  of  the  top  ring.  Other  companies 
''strap"'*  above  each  seam,  and  take  one  measurement  6  inches  below 
the  top  of  the  tank,  and  one  near  the  bottom  just  above  the  bottom 
row  of  rivets.  However,  it  has  been  found  that  in  measuring  steel 
tanks  of  standard  size  a  surprisingly  small  variation  in  results  will 
be  obtained  if  circimiference  measurements  are  taken  on  each  ring, 
or  if  only  the  top  and  bottom  rings  are  measured  and  the  circumference 

a  A  tarm  fai  general  use  among  oil  operators,  originally  meaning  the  girthing  of  tanks  with  a  meaaming 
tape,  bat  in  modem  diotion  inehides  the  whole  operation  of  ohtalning  (he  neoeapary  field  data  for  oom- 
pating  tlM  YOlnma  of  taaka  aod  other  fluid  nocptaol4a« 
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of  the  others  computed.  On  the  other  handi  tanks  on  poor  f  ounda. 
tions  causing  them  to  be  "out  of  round"  and  producing  bulging 
uneven  sides  may  require  a  large  number  of  measurements  to  insure 
accuracy.  Although  it  is  difficult  to  lay  down  any  fixed  rules  that 
will  apply  to  all  classes  of  tanks  it  is  believed  that  the  following  form 
of  field  notes  includes  sufficient  data  for  reasonably  accurate  results. 
A  55,000-barrel  tank  has  been  assumed  in  which  the  roof  supports 
consist  of  wooden  posts  tied  together  with  sway  bracing  and  resting 
on  footing  blocks,  as  this  is  the  most  complicated  form  of  constniction 
so  far  as  volumetric  computations  are  concerned.  The  points  between 
which  the  various  measurements  for  height  of  sheets  apply  are  shown 
in  figure  3. 


VOTES  SHownra  icEAsuBXMSirrs 
nra  voLinos  of 


BSOOBD  OF   FIELD 


Location  of  tank:  Party: 

Sizeof  tank: Date: 


HSCBSaABT  FOB  COMFUT- 


Measiarenients  oftank<^  by  counes. 


Itflm. 

Coarse  No.ft 

1 

9 

8 

4 

5 

6 

^ircamfarcoM.  fmt..  r , ,  - , 

360.37 

26 

.19 

.21 

2.60 

6.08 
4.87 

360.17 

26 

.19 

.21 

2.00 

.oJ 

9.87 
4.79 

360.09 

26 

.19 

.21 

2.00 

.ii^ 

14.87 
6.00 

e860.18 

26 

.19 

.21 

el.58 

19.87 
6.00 

€360.17 

26 

.17 

.21 

el.  17 

J 

24.87 
6.00 

36&22 

NumlMr  of  phflfttfi  fwt 

16 

LaD  of  vortical  seam,  feet 

.12 

LaD  of  horizontal  seam,  feet 

Hcv]i;oiital  sofiment.  feet 

.67 

ThInkiiMfl  nf  mMt,  ipftheA, ,     . .  ^  ^ , . . . 

A 

.fi 

Bottom  of  tank  to  top  of  sheet  (outside), 
feet 

dX.01 

lC4Re  to  edfre  of  9heet  (in^e).  'aai 

dh.U 

a  Bottom  angle  iron, )  Inch  by  4  Inches  by  4  inches;  meaoarements  taken  i^ipraximately  in  oflnter  ol 
courses 
b  Courses  numbered  from  bottom  of  tank  upward. 
«  Calculated. 
d  Top  of  top  angle  iron. 

BEADWOOD. 

Footing  blocks: 

Outside  circle  jpoBtoy  22  pieces,  2  inches  by  8  inches  by  2  feet.    Bottom  of  tank  to 

2  inches. 
Third  circle  posts,  12  pieces,  2  inches  by  8  inches  by  2  feet.    Bottom  of  tank  to 

2  inches. 
Third  circle  posts,  2  pieces,  2  inches  by  8  inched  by  2  feet.    Bottom  of  tank  from 

2  inches  to  4  inches. 
Second  circle  posts,  10  pieces,  2  inches  by  8  inches  by  2  feet.    Bottom  of  tank  to 

2  inches. 
Center  circle  posts,  2  pieces,  2  inches  by  8  inches  by  12}  feet.    Bottom  of  tank  to 

2  inches. 
Center  circle  posts,  2  pieces,  2  inches  by  8  inches  by  12)  feet.    Bottom  of  tank, 

from  2  inches  to  4  inches. 
Bottom  ties: 

Outside  circle  posts,  2  pieces,  2  inches  by  8  inches  by  15  feet  4  inches.    From  4 

inches  to  12  inches. 
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Bottom  lieft— Ooatinued. 

Third  circle  posts,  1  piece,  2  inches  by  8  inches  by  16  feet  8  inches.    From  6 

inches  to  14  inches. 
Second  circle  posts,  2  pieces,  2  inches  by  8  inches  by  15  feet.    From  2  inches  to 
10  indies. 
Swing-pipe  rest: 

1  piece,  H  inches  by  8  inches  by  13  feet.    From  12  inches  to  20  inches. 

2  pieces,  1)  inches  by  8  inches  by  20  inches.    From  2  inches  to  20  inches. 

2  pieces,  2  inches  by  8  inches  by  24  inches.    From  bottom  of  tank  to  24  inches. 
2  pieces,  1)  inches  by  8  inches  by  20  inches.    From  23  inches  to  24)  inches. 
Sway  bracing: 

Oateide  circle  posts,  48  pieces,  1  inch  by  6  inches  by  24  feet.    From  3  feet  to  21 

feet  8  inches. 
Third  circle  posts,  30  pieces,  1  inch  by  6  inches  by  23  feet.    From  3  feet  to  20  feet 

5  inches. 
Second  circle  poets,  20  pieces,  1  inch  by  6  inches  by  22  feet.    From  3  feet  to 

22  feet. 
Center  circle  posts,  4  pieces,  1  inch  by  6  inches  by  18  feet  6  inches.    From  4 

inches  to  14  feet. 
Center  circle  poets,  4  pieces,  1  inch  by  6  inches  by  18  feet.    From  4  inches  to  IS 

feet  5  inches. 
Center  circle  posts,  2  pieces,  2  inches  by  8  inches  by  14  feet  6  inches.    From   13 
feet  5  inches  to  14  feet  1  inch. 
Girden: 

Outside  circle  posts,  24  pieces,  5  inches  by  12  inches  by  16  feet.    From  28  feet  6 
inches  to  29  feet  6  indies. 
Knee  braces: 

Outside  cirde  posts,  12  pieces,  2  inches  by  8  inches  by  6  feet.    Froim  24  feet  5 

inches  to  28  feet  6  inches. 
Third  circle  posts,  16  pieces,  2  inches  by  8  inches  by  6  feet.    From  27  feet  4  inches 

to  top  (45*»). 
Second  circle  posts,  10  pieces,  2  inches  by  8  inches  by  6  feet.    From  28  feet  6  inches 
to  top  (46*»). 
Poets: 

Outside  drcle,  24  pieces,  6  indies  by  6  inches.    From  4  inches  to  28  feet  4  inches. 
Third  circle,  16  pieces,  6  inches  by  6  inches.    From  4  inches  to  top. 
Second  cirde,  10  pieces,  6  inches  by  6  inches.  'From  2  inches  to  top. 
Center  circle,  4  pieces,  6  inches  by  6  inches.    From  4  indies  to  top. 
Bafters:  120,  2  inches  by  8  inches. 

Distance  from  bottom  of  tank  to  bottom  of  rafter  at  center  of  tank,  36  feet  6  inches. 
Top  of  rafter  at  shell  flush  with  top  of  top  angle  iron. 
Manhole,  23}  inches  in  diameter  by  6  inches  deep.    Bottom,  20  inches  above  bottom 
tank. 

METHODS  OF  MBASUBINO. 

The  outside  measurements  should  be  taken  in  feet  and  hundredths, 
the  most  convenient  form  in  which  to  have  the  data  for  computations. 
Measurements  of  deadwood,  by  which  is  meant  all  material  inside  the 
tank  that  displaces  oil,  such  as  roof  supports,  blockmg,  steam  coils, 
and  water  draw-off  pipes,  are  usually  more  conveniently  taken  in  feet 
and  mches,  as  the  parts  mentioned  usually  consist  of  8tandard««ized 
timbers  and  pipes. 

The  circumference  measurements  are  taken  as  nearly  as  possible  in 
the  center  of  each  course  with  the  exception  of  courses  4  and  5  (count- 
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ing  from  the  bottom  upward),  which  can  be  more  accurately  calculated 
by  interpolating  between  the  girths  of  courses  3  and  6  than  by  actual 
measurement.  The  circumference  of  the  top  course  is  taken  by 
reaching  down  over  the  eaves  of  the  tank,  the  tapeman  lying  face 
down  on  the  roof. 

If  possible,  inside  measurements  should  be  taken  before  any  oil  is 
put  into  the  tank.  Outside  measurements  should  be  taken  wben  the 
tank  is  full  of  oil. 

After  one  set  of  dimensions  has  been  taken  it  is  checked  by  taking 
a  second  set  in  exactly  the  same  manner.  The  TnR'riTniiin  peimissible 
difference  in  these  two  sets  of  measurement  should  not  be  m^ore  than 
1  m  10,000. 

MBANINa  OF  TBBMS. 
HEIGHT  OF  TANK. 

The  hei^t  of  a  tank  for  strapping  purposes  is  the  distance  between 
the  top  of  the  bottom  plate  of  tiie  tank  and  the  top  of  the  horizontal 
leg  of  the  top  angle  iron. 

HORIZONTAL  SEGMENT. 

By  the  horizontal  segment  is  meant  the  part  of  the  tank  fihell,  less 
the  yertical  lap,  which  encroaches  on  the  area  inclosed  by  a  circle,  the 
plane  of  which  is  parallel  to  the  tank  bottom  and  the  diameter  of 


Fiovss  4.— Horisontal  Mgmcnt. 

which  is  equal  to  the  inside  diameter  of  the  tank.  The  hatdied  part 
in  figure  4  shows  the  horizontal  segment,  which  is  approximately 
equal  in  area  to  the  triangle  made  by  the  tape  and  the  tank  ahelL 
The  horizontal  segment  is  not  considered  at  all  by  many  operators 
and  by  others  is  used  only  when  very  accurate  results  are  required. 

THICKNESS  OF  SHEETS. 

The  thicknesses  of  the  sheets  in  the  various  rings  can  usuaDy  be 
most  accurately  and  most  easily  determined  from  the  specifications 
of  the  tank. 

DBADWOOD. 

The  swing  pipe  and  fittings  and  the  water  draw-offs  in  the  bottom 
of  the  tank  are  usually  omitted  for  the  reason  that  they  are  always 
full  of  oil  or  water  whenever  a  gage  of  the  tank  is  taken,  and  the 
metal  of  which  they  are  composed  will  at  most  displace  only  a  small 
volume  of  liquid.  To  guard  against  the  possibility  of  the  swing  pipe 
being  empty  or  only  partly  filled  when  a  gage  of  the  tank  is  taken, 
some  companies  install  on  the  shell  of  the  tank  about  2  feet  from  the 
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swing-pipe  nosde  a  3^ch  flange  having  itB  center  line  on  approxi- 
mately the  same  horizontal  plane  as  the  center  line  of  the  nozzle. 
A  2-inch  pipe  connection  containing  a  valve  is  then  placed  between 
this  flange  and  the  nozzle,  so  that  oil  may  be  admitted  from  a  point 
near  the  bottom  of  the  tank  into  the  bottom  of  the  swing  pipe  when- 
ever deaired.  Sand  lines  are  also  omitted.  However,  if  there  are 
steam  ooib  in  tiie  tank,  their  volnme  must  be  deducted. 

MANHOLE. 

The  dimensions  of  the  mazdiole  should  be  determined,  as  also  its 
position,  as  the  volmne  of  oil  that  it  contains  must  be  added  to 
the  volmne  of  the  tank. 

OOBBUGATEIHIRON  AND  WOODEN  TANKS. 

As  regards  corrugated-iron  tanks,  which  are  usually  of  small 
diameter,  the  circumference  measurements  are  obtained  ¥dth  the 
tape  lying  in  the  valley  of  the  corrugation.  The  depth  of  the  corru- 
gation and  the  distance  between  corrugations  are  noted. 

In  strapping  wooden  tanks  with  sloping  sides,  the  tluokness  of  the 
staves  is  taken  at  a  number  of  places  about  the  circumference,  and 
an  average  thickness  determined.  The  height  is  obtained  by  placing 
a  gage  rod  inside  the  tank  and  measuring  the  vertical  height  to  the 
top  of  the  staves.  The  circumference  strappings  are  taken  at  inters 
vals  of  2  feet,  measured  along  the  slope  of  the  tank,  beginning  6 
inches  from  the  bottom. 

OOXFUTINa  GAGB  TABLES  FOB  TANKS. 

From  the  circumference  of  each  course  the  outside  diameter  of  that 
course  is  computed,  and  by  subtracting  twice  the  thickness  of  the 
metal  the  inside  diameter  is  determined,  giving  a  value  from  which 
the  gross  area  of  the  course  is  determined.  From  this  is  subtracted 
one-half  the  area  of  the  vertical  laps  and  the  area  of  the  horizontal 
segments,  giving  the  net  area  (jdus  the  deadwood).  As  the  circum- 
ference is  measured  approximately  in  the  center  of  the  sheet,  the 
net  area  value  is  considered  to  be  a  mean  area  for  the  course. 

The  volume  in  barrels  per  course,  including  the  deadwood,  is  then 
calculated  and  the  volume  in  barreb  per  one-fourth  inch  per  course. 
Next  the  volume  of  the  deadwood  per  course  is  determined  and  the 
volmne  of  the  deadwood  per  one-fourth  inch  per  course.  Then  a 
table  is  prepared  showing  the  quantity  in  barrels  to  be  added  for 
each  one-fourth  of  an  inch  proceeding  from  the  bottom  of  the  tank 
upward.  The  construction  of  the  gi^e  table  then  resolves  itself  into 
the  summation  of  the  proper  increments.  If  it  were  desired  to  have 
the  gage  table  read  to  one-eighth  inch  the  same  method  of  computa- 
tion would  be  pursued.  In  buying  and  selling  crude  oil  it  is  customary 
to  read  the  gage  tape  to  the  nearest  one^ighth  of  an  inch  and  inter- 
polate in  the  table  to  find  the  correct  Volume. 
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Each  step  in  the  oomputations  should  be  carefully  checked*  One- 
fourth  inch  totak  must  equal  totals  for  courses  calculated  by  sub- 
tracting the  volume  of  the  total  deadwood  in  the  course  from  the 
total  volume  of  the  course,  and  totals  of  courses  must  agree  with  a 
separate  computation  for  the  whole  tank  in  whidbi  figures  for  total 
tank  volume  and  total  deadwood  are  used. 

As  a  final  check  on  the  whole  woik  a  second  man  is  required  to 
make  an  independent  calculation  not  quite  so  complete  as  the  first 
but  one  that  must  check  the  totel  contents  of  each  course  and  the 
totel  contents  of  the  tank.  Gage  taUee  are  made  to  read  to  the 
nearest  one-hundredth  of  a  barrel. 

BBSBBVOm  MBASXJBBXBIIT  AND  TABLB8. 

For  the  convenience  of  the  gager  a  small  hateh  is  placed  in  the 
roof  of  the  tank,  usually  near  the  head  of  the  stairway.  The  gage 
tope  is  suspended  through  the  hatch  into  the  open  tank.  However, 
as  regards  reservoirs,  it  is  customary  to  set  what  is  known  as  a  gage 
plate  at  some  convenient  place  as  close  as  practicable  to  the  lowest 
point  in  the  bottom  of  the  reservoir  and  to  take  all  measurements 
for  depth  of  oil  from  this  plate.  It  comprises  a  steel  plate  about 
i  inch  thick  and  3  feet  square,  which  is  set  vdth  foundation  bolts 
and  carefully  leveled  and  grouted.  This  work  is  done  as  the  part  of 
the  floor  in  that  vicinity  is  being  constructed  so  that  it  becomes  an 
integral  part  of  the  lining .  Some  companies  use  a  smaller  gage  plate 
and  place  on  it  a  vertical  pipe  4  to  10  inches  in  diameter  of  sufficient 
lengtix  to  extend  out  througih  the  roof  of  the  reservoir.  The  walls 
of  the  pipe  are  perforated  or  slotted,  and  the  top  is  fitted  with  a  cap. 
Measurements  for  depth  of  oil  are  then  token  throu^  the  pipe. 

TESTING  GAGE  PLATE. 

One  of  the  first  duties  of  the  field  or  construction  engineer  in 
procuring  the  date  necessary  for  the  preparation  of  a  gage  toble  for 
the  reservoir  is  to  examine  carefully  the  gage  plate  and  determine 
whether  all  the  foundation  bolts  are  tig^t,  and  whether  the  plate 
has  been  properly  grouted  and  has  not  sprung  at  any  point,  but  is 
absolutely  level  over  its  entire  surface.  The  following  information 
should  then  be  procured : 

NB0BS8ABT  MBASUBBMBNTS  IN  TBSTINO  OAOE  PLATE. 

1.  The  diameter  at  the  toe  of  the  inner  slope.^ 

2.  The  diameter  at  the  top  of  the  inner  slope.^ 

3.  The  elevation  of  the  gage  plate. 

4.  The  elevation  of  a  sufficient  number  of  points  on  the  bottom 
so  that  an  accurate  contour  map  may  be  plotted,  the  contour  interval 
of  which  should  be  not  more  than  one-fourth  of  an  inch. 

o  Tbli  meanmoiem  shouM  be  tekm  in  as  many  places  «8  p<H^^ 
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6.  The  dimensions  of  all  footings,  posts,  braces,  and  other  dead- 
wood  as  outlined  for  tank  strappings.^ 

4.  The  location  and  the  size  of  the  sump  containing  the  swing 
pipes  and  water  draw-off  pipes. 

OOHFUTING  GAGB  TABLE. 

From  the  elevation  of  the  points  on  the  bottom  of  the  reservoir 
a  contour  map  of  one-fourth  inch  interval  is  plotted  and  from  this 
the  gross  content  up  to  the  gage  plate  is  computed.  To  this  is 
added  the  volume  of  the  sump  and  from  the  sum  is  subtracted  the 
volume  of  the  deadwood  up  to  the  plane  of  the  gage  plate.  The 
net  amount  thus  obtained  gives  the  content  of  the  reservoir  up  to 
0  feet  0  inches  on  the  gage  table. 

If  the  gage  table  is  to  read  to  one-eigihth  of  an  inch,  as  is  usually 
the  case,  the  content  is  computed  in  a  similar  manner  proceeding 
by  eighths  of  an  inch,  up  to  the  point  where  a  horizontal  plane  will 
cut  the  side  slopes  of  the  reservoir.  From  this  point  to  the  top  the 
volume  is  computed  at  one-eighth  inch  intervals,  the  reservoir  being 
considered  as  a  frustrum  of  a  cone,  deadwood  being  deducted  as  in 
the  tank-table  computations. 

Gage  tables  are  made  to  read  to  the  nearest  one-hundredth  of  a 
barrel.  Volumes  for  fractions  of  an  inch  less  than  one-eighth  are 
obtained  by  interpolation. 

DEPBBOIATIOV  OF  OIL  IV  STOSAGIL 

Table  7  shows  comparative  results  of  distillations  of  various  fresh 
crude  oils  and  oils  from  the  same  fields  after  being  in  storage  for  a 
period  of  years.  The  table  mdicates  that  practically  every  oil 
showed  a  considerable  loss  in  the  total  proportion  distilled  from  the 
stored  liquid  and  that  this  loss  reached  its  maximum  at  an  end 
point  of  about  160^  C. 

Table  8  shows  comparative  results  of  tests  on  fresh  and  stored 
heavy  Califomia  crude.  The  ultimate  test  showed  that  this  low- 
gravity  oil  although  having  remamed  in  storage  for  a  period  of  six 
years  seemingly  had  not  lost  in  fuel  value. 

Although  the  samples  of  fresh  and  stored  oil  were  taken  from  the 
same  fields  and  as  nearly  as  possible  from  the  same  wells,  the  fresh- 
oil  samples  were  not,  uiifortimately,  taken  and  analyzed  at  the  time 
the  oil  was  put  in  storage ;  on  the  contrary  they  were  taken  from  the 
weUs  at  the  end  of  the  ston^  period.  The  fact  that  the  composi- 
tion of  oil  produced  by  a  given  field  often  changes  somewhat  from 
time  to  time  may  account  for  seeming  discrepancies  in  some  of  the 
figures. 

a  As  rcfttds  ft  rmrvoir,  howwcr,  od  aooooBt  of  the  dcp«  to  tlie  bottom,  Oe  exact  locatloo  of  the  dead- 
wood  mast  elao  be  deitvmfaied. 
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Tabh  S.—ResuUi  of  comparative  tesU  offntk  and  ofgtoted  Oal^omia  crude. 

DISTILLATION  TESTS. 


ed 


t 

Fndicnidt. 

Grade  stored  lor  Oyeen. 

]|1notloii8»  pereent 
by  weight 

Leaiin 

atare. 

Ffao- 

tioii8,per 
cent  by 
weight 

Total 
percent 
dlBttUed. 

Qiavity. 

Fno- 

tionsypw 

oent  by 

weight 

Total 
percent 
distnied. 

* 

Graylty. 

Lofli. 

Gain. 

total  pro- 

DoMon 

dSSSed. 

Uptoi75.. 
17$  to  200.. 

1.0 
1.4 
2.1 
8.4 
5.4 

1.0 
2.4 
4.5 
7.0 
18.8 

•B, 

'       38.2 

31.8 
30.8 

0.7 
1.1 
2.1 
3.3 

4.8 

0.7 
1.8 
8.0 
7.2 
12.0 

•B. 

37.0 

31.8 
20.8 

0.8 
.8 
.0 
.1 
.6 

Per^imL 
0.3 

.8 

200to22S.. 

.6 

225  to  250.. 

.7 

260  to  275.. 

1.3 

ULTIliATE  TEST. 

oa 

Orav- 

ityat 
60^  P. 

Via. 
ooslty 
30*  C. 

Heat- 
ing 
TBlne 

pound. 

Water. 

Sul- 
phur. 

Sand. 

Ftash 

Mortens 
teeter, 
elQeed. 

Burning 

raaky- 

UMrtma 

teeter. 

opened. 

Bemaiks. 

ITlQflb. 

•B. 
14.3 

14.0 

737 

B.LtL 
18,498 

18,522 

PereL 
0.6 

.6 

PereL 
0.70 

.86 

PereL 
None.. 

..do.. . 

188 
214 

•F. 

826 

818 

Very  Tianona  at 
32- F. 
Do. 

Stond  6  yean... 

In  summing  up  it  is  well  to  repeat  that  the  best  all-around  container 
in  use  at  the  present  time  for  storing  oil  is  the  all-steel  tank  of  gas- 
tight  Gonstruc^on. 

Tanks  that  are  used  for  the  accumulation  of  fresh  oils  from  the 
well  should  invariably  be  of  this  construction,  and  as  a  rule  it  will 
probably  pay  to  equip  them  with  water-seal  tops,  if  not  also  with 
some  form  of  tile  encasing  or  lagging. 

Other  devices  for  lessening  the  temperature  of  the  oil  in  the  tanks 
that  can  be  cheaply  applied  and  economically  maintained,  such  as 
sprinkling  with  water  in  hot  weather  and  painting  Ihe  tanks  white, 
are  worth  while. 

To  store  gasoline  or  light  distillate  in  tanks  that  have  not  tight 
tops  is  the  hei^t  of  folly,  and  it  is  poor  judgment  not  to  use  alsi> 
some  type  of  cooling  device. 

La]?g0  concrete^^ed  reservoirs,  as  at  present  constructed,  should 
not  be  used  for  the  storage  of  fresh  oils  or  of  light  oils. 

It  win  pay  to  line  a  reservoir  with  concrete  eren  though  heaty  oil 
only  is  to  be  stored. 

la  most  cases  it  would  probably  also  pay  to  put  a  concrete  roof 
on  the  reservoir  and  cover  it  with  earth — at  least  such  a  type  of 
structure  is  worthy  of  consideration,  no  matter  what  the  gravity  of 
the  oils  to  be  handled. 
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Conoiete^  if  properly  proportionedy  mized,  poured,  tamped,  aad 
flofttedi  can  be  made  impervious  to  heavy  oils  without  the  addition 
of  so-called  '^ oil-proofing"  compounds. 

Contrary  to  popular  engineering  opinion,  expansion  joints  are  not « 
necessary  in  properly  constructed  concrete  linings  fox  oil  reservoirs 
in  temperate  climates,  and  no  injury  will  result  to  the  linings  from 
their  omission  if  the  reservoirs  be  kept  reasonably  full  of  oil,  or  if, 
when  the  tanks  are  not  in  use,  they  are  kept  partly  filled  with  water. 

If  (ande  can  be  refined  at  any  profit,  it  should  be  put  through  ihe 
refinery  as  soon  as  possible  alter  it  is  taken  from  the  wells.  If 
refining  will  not  pay,  the  period  of  storage  should  be  as  short  as 
possible  because,  so  far  as  the  oil  is  concerned,  at  best,  eadi  day  of 
storage  will  entidl  a  loss. 
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THE  DIESEL  ENGINE;  ITS  FUELS  AND  ITS  USES. 


By  Herbert  Haas. 


IVTBODirCTIOS. 

The  Bureau  of  Mines  is  eudeayoring  to  reduce  waste  and  increase 
efficiency  in  the  production,  refining,  and  utilization  of  petroleum. 
During  the  last  few  years  the  demand  for  petroleum  and  its  products 
has  increased  so  much  more  rapidly  than  the  production  that  greater 
efficiency  in  utilization  is  now  a  matter  of  most  serious  importance. 

The  Diesel  engine,  a  comparatively  new  type  of  internal-combus- 
tion engine,  is  an  important  device  for  insuring  more  efficient  utili- 
zation of  petroleum  and  coal-tar  products,  for  it  consumes  heavy 
liquid  fuels  such  as  can  not  be  utilized  in  other  types.  Like  the  gas 
or  the  gasoline  engine,  it  is  revolutionary  within  its  province.  For 
some  uses  this  engine  is  replacing  gas  and  gasoline  engines,  but  its 
most  important  duty  will  be  to  replace  the  wasteful  consumption  of 
fuel  oil  in  steam  engines.  Not  only  will  a  wider  use  of  the  Diesel 
engine  relieve  the  demand,  but  it  will  result  in  more  power  being 
obtained  from  the  same  consumption  of  fuel  oils.  In  spite  of  these 
advantages,  comparatively  few  Diesel  engines  are  in  use  in  the 
United  States. 

In  this  report  the  author  discusses  recent  developments  in  the 
design  and  construction  of  the  Diesel  engine,  the  fuels  suitable  for 
burning  in  it,  and  the  uses  to  which  it  is  particularly  adapted. 

OEVEBAL  CHARACTERISTICS  AVD  TTPES  OF  OIL  EVOIITES. 

The  term  ''oil  engine/'  as  generally  used  at  the  present  time,  is 
applied  to  internal-combustion  engines  that  bum  directly  in  the 
cylinder  heavy  liquid  fuels  of  high  boiling  points,  the  fuel  being 
injected  into  the  compressed  air  shortly  before  or  at  the  comple- 
tion of  the  compression  stroke.  The  distinguishing  features  of  oil 
engines  are  that  the  fuel  vapor  is  not  absorbed  by  air  before  it  is  ad- 
mitted to  the  cylinder,  and  that  no  inflammable  mixture  of  vapor 
and  air  is  compressed  preceding  its  ignition.  Oil  engines  compress 
air  alone,  and  the  heat  of  compression  is  used  to  ignite  the  fuel,  which 
bums  by  consuming  the  oxygen  of  the  air  in  the  cylinder,  the  engine 
transforming  the  heat  energy  into  work. 

To  facilitate  and  accelerate  the  burning  of  a  liquid  fuel  it  must 
either  be  vaporized,  atomized,  or  intimately  mixed  with  air  imme- 
diately preceding  its  ignition. 
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light;  highly  volatile  liquid  fuels,  such  as  benzols,  gasolines, 
alcohol,  and  distillates,  offer  no  particular  difficulties  to  vaporization; 
the  air  in  its  passage  to  the  engine  cylinder  readily  absorbs  the  fuel 
vapors  and  forms  a  combustible  mixture,  which  is  ignited  electri- 
cally in  the  cylinder. 

The  process  of  charging  the  air  with  fuel  vapors  is  called  carbuie- 
tion.  The  more  volatile  fuels,  like  gasoline,  can  be  carbureteil  at 
ordinary  atmospheric  temperatures;  that  is,  without  previous  heat- 
ing of  the  air  or  the  fuel.  Liquid  fuels  with  higher  boiling  points 
may  require  heating  of  the  air  or  the  fuel,  or  both,  to  bring  about 
their  evaporation  and  absorption  by  the  air  preceding  combustion. 
In  the  heavy-oil  engine  the  vaporizing  of  the  fuel  takes  place  inside 
of  the  engine.  As  a  fuel  with  a  high  boiling  point  can  not  be  evap- 
orated at  moderate  temperature,  thorough  mechanical  division  {h^ 
ceding  ignition  and  combustion  is  necessary. 

THBEE  OEVE£AL  TTPES  OF  IIQUID-FTTEL  EVOIVSS. 

According  to  the  means  used  for  atomizing  the  liquid  fuels  and 
igniting  them,  there  are  two  mechanicaUy  and  thermodynamically 
distinct  types  of  engines.  In  one  type  the  entire  fuel  chaige  is 
sprayed  against  a  highly  heated  surface  in  a  chamber  connected  with 
the  working  cylinder.  Contact  with  this  highly  heated  surface 
gasifies  the  fuel,  which  is  ignited  and  bums  with  explosion-like 
rapidity.  Engines  of  this  type  are  properly  termed  "explosion  oil 
engines,''  or  engines  in  which  the  fuel  is  burned  at  constant  volume. 

In  engines  of  the  other  type  the  fuel  to  be  converted  is  finely  sub- 
divided by  air,  and  in  this  act  of  atomization  is  injected  directly  into 
the  engine  cylinder,  where  it  is  ignited  automatically  by  the  highly 
heated  air  in  the  cylinder.  The  combustion  is  not  explosion-like, 
but  is  prolonged  at  constant  pressure  for  the  entire  period  during 
which  the  fuel  is  injected  into  the  cylinder.  This  type  of  engine  is 
universally  known  as  the  Diesel  engine,  being  named  after  the  late 
Rudolph  Diesel,  of  Munich,  Germany,  its  inventor.  It  is  also  tenned 
a  "constant-pressure  oil  engine." 

There  is  a  third  general  type  of  engine,  combining  features  of  the 
two  types  mentioned,  in  which  the  fuel  is  burned  at  both  constant 
volume  and  constant  pressure.  Engines  of  this  type  are  known  as 
Sabath6  engines. 

According  to  whether  an  engine  receives  a  working  impulse  every 
other  revolution  or  each  revolution,  it  is  said  to  have  a  four-stroke 
cycle  or  a  two-stroke  cycle.  Either  type  of  engine  may  be  single 
acting  or  double  acting,  such  constructions  being  whoDy  mechanical 
and  influencing  in  no  manner  the  thermodynamic  cycle  of  an  engine. 

All  the  three  general  types  of  oil  engines  enumerated  may  be  built 
to  work  either  on  the  four-stroke  cycle  or  the  two-stroke  cycle  and 
may  be  either  single  or  double  acting. 


THREE   GENERAL  TYPES  OP   LIQUID-FUEL  ENGINES.  3 

To  gummarize,  differentiation  must  be  made  between  the  following 
types  of  oil  engines : 

1.  Explosion  oil  engines. 

(o)  Engines  having  a  f  our-etroke  cycle. 
(J)  Engines  having  a  two-stioke  cycle, 

2.  Diesel  engines. 

(a)  Engines  having  a  fouivstroke  cycle. 
(()  Engines  having  a  two-stroke  cycle. 

3.  Sabath6  engines. 

(a)  Engines  having  a  four-stroke  cycle. 
(6)  Engines  having  a  two-stroke  cycle. 

BXFLOBION  on.  BNOIHBS. 

BNQIIiBS    HAVINQ   A   POUB-STBOEE    CTOLB. 

Figure  1  shows  the  elements  of  an  explosion  oil  ei^ne  having  a 
foup-stpoke  cycle.  I>uring  the  first  stroke  of  the  piston  downward, 
which  creates  a  partial  vacuum  in  the 
cylinder,  atmospheric  air  is  admitted 
through  the  air-admission  valve  a  into  the 
cylinder.  On  the  return  stroke  of  the 
piston  valve  a  is  closed,  and  the  air  in  the 
cylinder  is  compressed.  Before  the  pis- 
ton is  at  the  inner  (upper)  dead  center 
the  fueJ  charge  is  sprayed  by  the  fuel 
pmnp  b  into  the  chamber  c,  known  as  a 
hot  bulb  or  hot  ball,  which  is  kept  at  a 
dull,  cherry-red  heat.  As  the  piston 
reaches  its  inner  (upper)  center,  the  fuel 
is  burned  with  explosion-hke  rapidity,  the 
temperature  and  pressure  in  the  cyUnder 
increase,  and  the  piston  receives  a  power 

impulse,  the  gaseous  mixture  expanding  fiquui.— EipkeiantdiengiiwhBTiDEa 
diiring  the  second  downward  stroke  of  the     'oumw"^  cycH-  •,  »it  v»i«:  *,  ii»i 

„      .  Ill  pump;  c,  hot  bulb;  I,  exhaust  valve. 

piston.     On  its  return  stroke  the  exhaust 

valve  4^  is  opened  and  the  piston  sweeps  the  gaseous  products  before 
it  and  throii^h  the  valve  d.  The  working  cycle  of  four  strokes  is  then 
repeated. 

Before  the  engine  is  started  the  chamber  or  bulb  c  must  be  heated 
with  a  torch  to  a  dark-red  color,  after  which  the  successive  explo- 
sions of  the  fuel  oil  will  keep  it  hot.  Inserted  into  this  chamber  in 
some  engines  is  a  thin-walled  copper  pipe  against  which  the  oil  is 
sprayed.  This  small  pipe  can  be  heated  quickly  and  readily  absorbs 
heat  from  the  chamber.  It  therefore  tends  to  reduce  the  time 
required  for  starting  the  engine,  which  can  thus  start  before  the 
entire  bulb  is  heated,  and  it  also  reduces  missed  ignitions  after  the 
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engine  is  operating.  Heating  of  the  bulb  sufficiently  to  permit  start- 
ing the  engine  requires  10  to  20  minutes.  Compressed  air,  iisu&lly 
fumisbed  by  a  small  independent  air  compressor,  operated  by  a 
1  gasoline  engine,  is  used  to  start  the 
engine. 

F^ure  2  sbows  a  theoretical  pres- 
sure-voliune  diagram  from  an  en- 
gine of  this  type.  The  air  in  the 
cylinderds  compressed  from  a  to  i 


at  h  the  fuel  is  admitted  and  ignited 
and  bums  at  constant  voltmie  from 
^h  to  c.    The  line  from  c  to  rf  repre- 
(ec;ci«.  sents  expansion,  imder  which  the 

piston  moves  forward,  and  at  d  the  exhaust  valve  is  opened,  with  the 
pressure  dropping  nearly  to  that  of  the  atmosphere;  the  line  from  d 
to  e  represents  the  pressure-voliune  relation  during  the  period  in 
which  the  piston  expels  the  products  of  combustion.  The  line  from 
e  to  a  shows  a  similar  relation  during  the  period  in  which  the  pistou 
draws  in  a  fresh  supply  of  air,  the  pressure  here  represented  being 
sUghtly  below  atmospheric  pressure. 

ENGINES    HATIKO   A    TWO-8THOKE    OTCLE. 

Figure  3  iUustrate.s  the  working  of  an  explosion  oil  engine  having 
a  two-stroke  cycle.  En- 
gines of  this  type  have  a 
closed  crank  case,  pro- 
vided on  one  side  with 
large  disk  valves  opening  ' 
inwardly  to  the  crank  case 
and  serving  as  air  intakes. 
A  large  conduit  connects 
the  crank  case  with  the 
cylinder,  the  conduit  ports 
being  so  placed  in  the 
lower  part  of  the  cylinder 
that  they  are  closed  by  the 
piston  during  the  greater 
part  of  its  travel;  they 
ara  uncovered  only  a  few 
d^rees  before  it  reaches  ^^ 
its  lower  dead  center. 

Figure  3,  A,  shows   the     pHWo  liappro«chinglnDer{appet)il«<loantor. 

engine  with  a  crank  case  full  of  air  compressed  by  the  previous  down- 
ward travel  of  the  piston,  tliis  internal  pressure  having  closed  the  dist 
valve  a  leading  to  the  atmosphere.    The  piston  has  traveled  to  its 


FioDBi  3.— Exptosloa  oil  enfliM  hivliig  a  tmHUiAt  vj^  K 
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outer  (lower)  dead  center  and  uncovered  the  exhaust  p"ort  h  and  the 
air  port  c.  The  pressure  in  the  cyhnder  is  higher  than  that  of  the 
atmosphere,  so  that  the  burned  gases  are  swept  out  of  the  exhaust- 
gas  port.  The  air  port  c  admits  fresh  compressed  air  into  the 
cylinder,  sweeping  it  free  of  the  products  of  combustion  and  refill- 
ing it  with  air  needed  for  bumiag  the  next  fuel  charge.  On  its 
upward  travel  the  piston  covers  the  exhaust  and  air  ports,  com- 
pressing the  aup  thus  imprisoned  in  the  cylinder.  Tlxe  air  still 
in  the  crank  case  expands  and  its  pressure  falls  below  that  of  the 
atmosphere.  Consequently  the  disk  valve  opens  automatically  and 
lets  in  a  fresh  supply  of  air  (fig.  3,  B).  Just  before  the  piston  reaches 
its  inner  (upper)  dead  point  a  fuel  charge  is  sprayed  against  the  heated 
surface  of  the  hot  ball ;  the  vaporized  fuel  is  ignited  and  burned  with 
a  great  increase  of  temperature  and  pressure  by  the  time  the  piston 
has  passed  its  inner  dead  point.  Tte  resulting  impulse  drives  the 
piston  downward,  the  twonstroke  cycle  being  then  repeated. 

Figure  4  shows  a  pressure-volume  diagram  of  such  an  engine.  It 
is  in  principle  the  same  as  that  of  the  engine  having  a  four-stroke 
cycle,  except  that  the  exhausting 
of  the  gases,  or  scavenging,  and  i,^ 


FiGmuc   4.— Theoretical    pressure-volume    dia- 
gram of  an  explosion  oil  engine  haying  a  two- 


the  refilling  of  the  cylinder  with  ^ 
fresh  air  takes  place  along  iea^  fo 
i  marking  the  point  of  opening  of  ^ 

5es  <C 


the  exhaust  ports  several  degre 
before  the  outer  dead  point  (at  e)     I 
of  the  piston.    Hence,   only   two 
strokes   ^e  required  for    a   com- 
plete working  cycle.     These  engines   stroke  cycle. 
are  started  in  the  same  manner  as  engines  having  a  fournstroke  cycle. 

In  explosion  oil  engines,  the  air  is  compressed  in  the  cylinder  to  a 
pressure  of  145  to  220  pounds  per  square  inch  and  in  the  crank  case  to 
a  pressurie  of  1  to  7  pounds  per  square  inch.  The  explosion  pressure 
varies  from  270  to  470  pounds  per  square  inch.  The  cylinder  and  the 
cylinder  head  are  water-cooled,  with  the  exception  of  the  hot  ball, 
which  is  kept  at  a  dull  red  heat.  The  construction  described  is  the 
one  generally  accepted  and  is  to  be  preferred  on  accoimt  of  its  greater 
simplicity.  Engines  of  this  type  are  built  both  horizontally  and  ver- 
tically, the  latter  construction  being  preferred  in  multicylinder  imits. 

The  air  for  scavenging  could  also  be  furnished  by  constructing  the 
working  piston  as  a  differential  piston,  traveling  with  the  enlarged 
part  in  an  air  cylinder,  or  by  an  independent  air  pump.  This  design 
would  result  in  a  more  complicated  and  expensive  engine,  hardly 
justified  by  its  limitations. 
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DIBSBL  ENGINES. 

ENGINES  HAVING   A   FOURH9TBOKE  CYCLE. 

Figure  5  shows  the  elements  of  a  Diesel  engine  having  a  four-stroke 
cycle.  Important  adjuncts  of  the  engine  comprise  a  two-stage  air 
compressor  a,  air-injection  bottle  &,  compressed-air  container  c,  and 
fuel-oil  tank  d. 

The  engine  piston  has  started  on  its  downward  travel.  The  air- 
admission  valve  e  is  open  to  the  atmosphere  and  lets  air  into  the 
engine  cylinder.  On  its  rettun  stroke  the  valve  e  and  all  other 
valves  are  closed,  so  that  the  piston  compresses  the  air  in  the  cylinder 
to  a  pressure  of  450  to  500  pounds  per  square  inch.  As  a  result  the 
air  becomes  highly  heated,  its  temperature  rising  to  about  1,000°  F. 
when  the  highest  pressure  is  reached.  When  the  piston  is  at  its  upper 
dead  center,  the  fuel-injection  valve  /  is  opened  and  liquid  fuel  in 
a  volume  proportioned  to  the  load  of  the  engine  is  forced  into  the 
cylinder,  where,  meeting  the  highly  heated  air,  it  automatically 
ignites  and  bums.  When  an  automatically  regulated  supply  of 
fuel  has  been  delivered,  valve  /  closes.  Under  the  impulse  of  the 
expanding  gases,  the  piston  moves  downward,  transforming  the  heat 
energy  of  the  fuel  into  work.  Arrived  at  its  lower  dead  center,  the 
piston  reverses  its  travel  and  begins  a  new  upward  stroke.  The 
exhaust  valve  g  being  open,  the  piston  sweeps  the  products  of  com- 
bustion before  it,  expeUing  them  through  this  valve  into  the  atmos- 
phere, thus  completing  the  fournatroke  cycle.  The  cycle  is  repeated 
when  air  valve  e  opens  again  and  the  piston  starts  on  its  downward 
stroke. 

For  the  sake  of  simplicity  in  describing  the  main  features  of  the 
engine,  no  mention  has  so  far  been  made  of  the  important  adjuncts 
of  the  fuel  pump,  the  air  compressor,  and  the  fuel  injector. 

Pump  h  is  under  the  influence  of  the  engine  governor,  by  which 
the  volume  of  fuel  delivered  is  proportioned  to  the  load  of  the  engine. 
The  fuel  oil  stored  in  tank  d  flows  by  gravity  to  the  pump,  which 
delivers  a  measured  quantity  of  oil  to  the  fudi  injector  /  during  the 
suction  stroke  of  the  engine  piston,  while  the  needle  valve  of  the 
injector  is  closed.  The  fuel  injector  is  connected  with  the  small  air 
receiver  b,  in  which  air  under  a  pressure  of  700  to  900  poimds  per 
square  inch  is  stored,  and  air  at  this  pressure  always  fills  the  valre 
chamber  around  the  valve  stem  of  the  fuel  injector. 

Pump  A  in  deUvering  its  measured  quantity  of  oil  fuel  to  the 
injector  must  overcome  the  air  pressure  within  the  valve  chamber. 
The  pump  is,  therefore,  designed  to  deUver  the  oil  at  a  pressure  of  100 
to  200  pounds  per  square  inch  higher  than  the  pressure  of  the  air  from 
the  tank  6,  or  at  a  pressure  of  800  to  1,100  pounds  per  square  inch. 
The  fuel  oil  is  delivered  near  the  bottom  of  the  fuel  injector,  immedi- 
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FiouBE  5.— Diesel  engine  having  a  four-stroke  cycle,  a, air  compressor;  b, Injection  air  bottler,  c^reeerye 
air  reodTer;  d,Iuel  tank;  f,air  (Intake)  valves;  /,  fuel-injection  valve;  g,  exhaust  valve;  h,  fuel  pump; 
i,interoooler;i,  low-pressure  cylinder;  fc^  high-pressure  cylinder;  I,  aftercooler;  m,  starting  valve;  n, 
air  intake;  o,  eshanst. 
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ately  above  the  needle  valve.  When  this  needle  valve  is  opened  the 
injection  air,  which  is  at  a  pressure  nearly  double  that  of  the  compressed 
air  in  the  engine  cylinder  at  the  completion  of  the  compression  stroke, 
atomizes  the  fuel  oil  and  carries  it  into  the  engine  cylinder.  The 
injection  air  thus  serves  two  important  functions,  namely,  to  inject 
the  fuel  into  the  cylinder  and  to  subdivide  it  finely.  The  latter  func- 
tion is  by  far  the  more  important,  as  on  its  efficiency  greatly  dq>end8 
the  success  with  which  the  heavy  Uquid  fuels  are  burned.  The  fuel 
could  be  injected  by  direct  pump  pressure,  but  unless  thoroughly 
atomized  by  highly  compressed  air  it  would  biun  only  partly  and 
after-ignition  would  result.  This  subject  is  treated  more  fully  under 
the  discussion  of  fuel  injection. 

Ihe  two-stage  air  compressor  a  furnishes  the  injection  air;  i  is  an 
intercooler  to  cool  the  air  from  the  low-pressure  cylinder  j  to  atmos- 
pheric temperatm^e  before  debvering  it  to  the  high-pressure  cylinder 
2:;  Z  is  an  aftercooler  to  deUver  cold  air  to  tanks  b  and  c.  As  pre- 
viously mentioned,  in  the  compressor  the  atmospheric  air  is  brought  to 
a  pressure  of  700  to  1,000  pounds  per  square  inch.  The  air  receiver 
b  provides  reserve  air  storage.  Air  is  drawn  from  it  whenever  the 
engine  is  started  and  is  deHvered  through  the  starting  valve  m, 
when  the  piston  is  at  the  upper  dead  center,  in  position  to  receive  a 
power  impulse,  air  being  the  power  mediimi  for  starting  the  engine. 
After  the  engine  has  been  started,  tank  c  is  recharged  from  tank  h, 
by  working  the  air  compressor  at  its  full  capacity  for  15  to  20  minutes. 
When  the  desired  air  pressure  has  been  restored  in  tank  e,  all  valves 
leading  to  and  from  the  tank  are  closed.  The  ai]>inlet  pipe  is  shown 
at  n  and  the  exhaust  pipe  at  o. 

Starting  a  Diesel  engine  from  no  load  to  f uU  load  requires  one  to 
three  minutes,  depending  on  the  size  and  the  construction  of  the 
engine. 

ENGINES  HAVn^G  A  TWO-STEOB35  OTCLE. 

Figure  6  shows  the  elements  of  a  Diesel  engine  v^th  a  two-stroke 
cycle.  It  differs  from  the  engine  just  described  in  that  it  has  & 
scavenging  air  pmnp  a  and  exhaust  ports  b,  arranged  around  the 
cylinder  walls,  covered  and  uncovered  by  the  piston  in  its  upward 
and  downward  travel,  and  two  or  more  air-admission  valves  in  the 
cylinder  head. 

The  scavenging  air  pump  a  is  double  acting  and  its  air  delivery 
is  controlled  mechanically  by  a  piston  valve.  The  air  admission  to 
the  engine  cylinder  is  mechanically  controlled  by  two  or  more  air 
valves  c  in  the  cylinder  head.  The  scavenging  air  is  compressed  to  a 
pressure  of  3  to  7  pounds  per  square  inch. 

The  air  is  admitted  into  the  working  cylinder  as  soon  as  the  exhaust 
ports  have  been  uncovered  by  the  piston;  the  cylinder,  full  of  the 
gaseous  products  of  combustion,  is  cleared  by  the  scavenging  air, 
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which  sweeps  out  through  the  exhaust  ports  b,  leaving  the  cylinder 
full  of  a  new  charge  of  fresh  air.  As  the  piston  on  its  return  stroke 
closes  all  cylinder  valves  and  exhaust  ports,  the  air  is  compressed 
in  the  same  manner  as  in  the  engine  having  a  four-stroke  cycle,  and 


Fioxmx  6.— Diesel  engine  having  a  twcMtroke  cycle,  a,  Pomp  for  air  for  naTenging;  5,  exhaust  ports; 
e,  air  valvee;  dt  fuel  tank;  e,  fuel  pump;  /,  air  compressor;  g,  k>w-pns8uie  cylinder;  h,  Interoooler; 
i,  high^pressure  cylinder;  j,  aftercooler,  K  air  receiver;  I,  exhaust  pipe;  m,  fuel  injection  valve; 
n,  starting  air  valve;  o,  injection  air  bottle;  p,  air  inlet  pipe. 

the  fuel  charge  is  injected  on  the  completion  of  the  compression 
stroke. 

During  the  next  stroke  the  expanding  gases  give  the  piston  its 
power  impulse;  with  the  opening  of  the  exhaust  ports  and  the  dis* 
charge  of  the  spent  fuel  gases,  the  working  cycle  is  complete.  By 
employing  a  scavenging  air  pump  for  cleaning  the  cylinder  of  its  com- 

14574*'— 18 2 
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bustlon  products  and  refilling  it  with  fresh  air,  aworkii^  impulse  to 
every  revolution  is  obtained,  whereas  two  complete  revolutions  to  a 
working  impulse  are  required  in  sn  engine  having  a  four-stroke 
cycle. 

In  figure  6  the  air-admiasion  valves  are  shown  in  the  cylinder  head 
of  the  engine.  In  some  later  engines  these  scavenging  air  valves 
have  been  placed  in  the  cyl- 
inder waQ,  opposite  the  ex- 
haust ports,  somewhataiim- 
lar  to  tiie  placing  shown  in 
figure  3  for  the  explosion 
oil  engine  having  a  two- 
stroke  cycle.  The  piston  is 
shaped  so  as  to  direct  the 
travel  of  the  scavenging  ur 
in  the  cyhnder  and  to  ai^ 
range  it  in  currents  that 
^  g  CD  sweep  the  cylinder  clean  of 

FWOTH  7.-Worltln»  dtagmn  oHlnjlB*ctJng  Di«l  enfiM     thoproductsof  COmhusUon. 

taTtog  »  ftw^.  ^cie.  A,  inttkB;  B.comproBion;  c,   Thus  the  Cylinder  head  is 

THirklngitrakii;  D.eiliiqrt.  i.  i        . 

reheved  of  numerous  air 
valves,  which,  by  reason  of  space  limitations  imposed  by  the  cylinder 
head,  have  to  be  of  restricted  area,  necessitating  greatly  increased 
air  velocities  to  effect  the  desired  scavenging.  The  placing  of  these 
valves  in  the  cylinder  head  also  results  in  a  comphcated  head  castr 
ing,  the  water  spaces  of 
which  are  narrow  and  re- 
stricted, so  that  effective 
cooling  is  made  more  diffi- 
cult. By  the  modified 
construction  above  men- 
tioned, the  cylinder  head 
has  only  starting  and  fuel 
injection  valves.  Theplac- 
ing  of  the  air  valves  in  the 
cylinder  head  has  the  ad- 
vantage of  insuring  a  more  i 
thorough  scavenging, 
the  air,  entering  at  the  top 
of  the  cyUnder,will  more  effectively  sweep  before  it  the  burned  gases. 
The  working  cycles  of  the  two  engines  are  illustrated  in  figures  7  and 
8;  the  corresponding  indicator  diagrams  are  shown  in  figures  9  and 
10.    The  illustrations  are  taken  from  an  article  by  Diesel.* 

>  DlMBl,  R.,  The  DieMl  oil  engliHu  Engtmerinc  {LoodcD),  ml.  >3, 1913,  p.  SIX. 


—Working  diagnm  of  ringlfr^cUag  Die 
having  R  twoWroks  cycle, 
working  itnike:  D,  eiliMist 


THREE  GENERAL  T7PES  OF  LIQUID-FUEL  EKQINE8. 


11 


FioxTKE  9.— Indicator  diagram  of  alzigle-acttng  Diesel 
engine  having  a  four-etrofte  cycle.  /,  intake;  $, 
compranion;  5,  expansion;  4t  exhaust. 


SABATH&  BNQINBS. 

Sabath6  engines  diflfer  from  the  Diesel  engines  described  only  in 
the  method  of  admitting  fuel  and  that  of  timing  ignition,  these  being 
accompUshed  by  a  fuel-injection  valve  and  a  governor  of  a  construc- 
tion peculiar  to  these  engines.  A  part  of  the  fuel  is  admitted  before  the 
upper  dead  center  of  the  piston  is  reached,  and  burns  with  constant 
volume.  The  remainder  is  ad- 
mitted at  the  completion  and 
return  of  the  stroke,  and  bums 
at  constant  pressure.  If  the  en- 
gine load  diminishes,  the  fuel  ad- 
mitted during  the  second,  or  con- 
stant-pressure, period  is  dimin- 
ished, stopping  entirely  during 
low  load  when  the  only  fuel  admit- 
ted is  burned  at  constant  voliune. 
The  peculiarity  of  the  working 
cycle  of  these  engines  is  well  illus- 
trated in  the  pressure- volume  diagram  shown  in  figure  11.  The 
burning  of  the  fuel  is  accomplished  at  constant  volume  as  represented 
by  the  line  he,  and  at  constant  pressure  as  represented  by  the  line  cc\ 
The  fuel,  of  course,  is  not  introduced  intermittently  at  b  and  c,  but 
is  admitted  continuously,  the  burning  at  constant  volume  and  pres- 
sure being  controlled  by  the  action  and  timing  of  the  needle  valve, 
under  the  influence  of  the  governor,  at  predetermined  positions  of 

the  piston.  Line  cc'  varies  in 
magnitude  with  the  load.  At 
low  load,  line  cc'  disappears  en- 
tirely; then  the  diagram  be- 
comes similar  to  that  of  an  ordi- 
nary explosion  oil  engine.  The 
diagram  areas  are  proportion- 
ately decreased. 
Actual  diagrams  difiPer  from 

FiouBB  lO.-Indlcator  diagram  of  single^wting  Diesel  the  theoretical  One  shoWH  in  fig- 
engine  having  a  twonstroke  cycle.  /,  scavenging;  f ,  ^^re  11.  In  reality  it  is  not  pOSsi- 
oompieasian;  5,  expansion;  I,  exhaust.  ii.-i  .i       it  'ii 

ble  to  bum  the  fuel  so  quickly 
that  it  bums  at  constant  volume.  Line  he  therefore  inclines  slightly 
toward  the  expansion  line.  The  properties  of  the  fuel,  whether  it 
biuTis  readily  or  slowly,  the  temperature  in  the  cylinder,  and  the  means 
used  for  its  ignition  all  influence  the  burning  process.  A  part  of  the 
fuel  usually  does  not  bum  until  expansion  has  begun. 

Likewise^  in  Diesel  engine  diagrams,  there  is  no  perfect  constant- 
pressure  line.    With  the  admission  of  the  fuel,  there  is  a  slight  increase 
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in  pressure;  there  is  also  an  after-burning  of  incompletely  burned  fuel 
when  expansion  has  started^  so  that  the  initial  and  the  terminal 
parts  of  the  constant-pressure  line  are  slightly  curved. 

In  explosion  oil  engines  the  constant-volume  line  he  of  figure  11 
is  shortened;  and  the  diagram  area  is  decreased,  with  a  decrease  in 

the  fuel  supply  during  frac- 
tional loading  of  the  engine. 
In  the  Diesel  engine  the 
constant-pressure  line  is 
shortened,  and  the  diagram 
area  decreased,  with  partial 
loads.  In  some  two-stroke 
engines  that  increase  the 
specific  duty  by  increasing 
the  scavenging  air  pressure; 
that  is,  by  pumping  agreater 
weight  of  air  into  the  work- 
ing cylinder,  the  compression  pressure  is  variable,  and  decreases  with 
a  decrease  in  load  to  the  minimum  required  for  satisfactory  burning  of 
the  fuel.  Figure  12  shows  actual  indicator  diagrams  for  different 
loads  of  a  Diesel  engine  having  a  four-stroke  cycle. 

COHPABATIVB  ABVAirTAQES  OF  FOUB-STBOKB  AND  OF  TWO- 

STBOKB  OYCLBS. 

As  regards  the  relative  theoretical  advantages  of  the  four-stroke  and 
the  two-stroke  engines,  the  two-stroke  engine  appears  to  be  superior. 
For  a  given  cylinder  size  and  speed,  the  specific  duty  of  an  engine 
having  a  two-stroke  cycle  is  double  that  of  an  engine  having  a  four- 
stroke  cycle,  for  it  receives  a  power  impulse  for  every  revolution  as 
against  one  for  every  two  revolutions  of  the  engine  having  a  four- 
stroke  cycle.  Its  mechanical  efficiency  also  would  appear  to  be 
greater,  as  the  engine  with  a  four-stroke  cycle  has  to  make  two 
strokes  for  expelling  the  products  of  combustion  and  for  filling  the 
cylinder  with  a  fresh  supply  of  air  for  burning  the  next  fuel  charge. 
The  power  for  this  work  has  to  be  drawn  from  the  flywheel,  in  which 
it  has  to  be  stored  again  during  the  power  stroke.  As  in  addition 
the  cycUc  regularity  of  an  engine  with  a  four-stroke  cycle  but  having 
the  same  power  and  speed  is  greatly  less,  a  much  heavier  flywheel  is 
required.  The  four-stroke  engine  is  also  much  heavier  per  horse- 
power than  the  two-stroke  engine. 

In  practice,  however,  these  advantages  are  not  so  apparent. 
Engines  having  a  two-stroke  cycle  require  an  auxiliary  air  pump  for 
performing  the  work  of  scavenging  and  of  refilling  the  working  cylinder 
with  fresh  air,  work  that  in  the  engine  having  a  four-stroke  cycle  is 
performed  by  the  engine  directly  in  the  working  cylinder.    The  air 


THBEE  QEKEBAL  TTPES  OF  LIQUID-FUEL  ENGINES. 


IS 


No  LOAD 


pump,  proportioned  to  the  engine  it  has  to  supply,  is  a  large  and 
heavy  piece  of  machinery,  requiring  considerable  power  for  its 
operation.  To  insure  thorough  scavenging  of  the  working  cylinder, 
a  volimie  of  fresh  air  greater  than  the  volume  of  the  cylinder  must 
be  supplied  by  the  air  pimip.  The  piunp  is  usuaUy  proportioned  to 
supply  one  and  three-tenths  times  the  working  cylinder  volume  of  air. 
Even  then  sweeping  of  the  working  cylinder  clean  of  the  remnants  of 
the  products  of  combustion  is  difficult,  and  any  gases  remaining  in  the 
cylinder  displace  a 
proportionate  amount 
of  oxygen  needed  to 
maintain  combustion, 
thus  lowering  the  pos- 
sible power  output  of 
the  engine. 

The  heat  exchange 
in  an  engine  having  a 
two-stroke  cycle  being 
more  rapid  than  in  one 
having  a  four- stroke 
cycle,  the  material  of 
the  former  is  more  se- 
verely taxed,  and  it  is 
not  advisable  to  use  as 
high  mean  effective 
pressures  nor  piston 
speeds  as  in  engines 
having  a  four -stroke 
cycle.  High  mean  ef- 
fective pressure  results 
m  high  termmal  pres- 
sure at  the  time  of  ex- 
hausting, with  a  con- 
sequent loss  in  power. 
As  the  exhaust  ports  of 
two-stroke  engines  are 
uncovered  by  the  pis- 
ton, and  as  exhausting  of  the  gases  must  be  rapid,  the  piston  has  to 
uncover  these  ports  several  degrees  before  it  reaches  its  lower  dead 
center.  High  mean  effective  pressure  will  therefore  cause  proportion- 
ately greater  losses  in  an  engine  having  a  two-stroke  cycle  than  in 
one  having  a  four-stroke  cycle.  These  features  combine  to  diminish 
the  theoretical  advantages  that  engines  having  a  two-stroke  cycle 
appear  to  possess  over  engines  with  the  simpler  four-stroke  cycle. 

To  avoid  any  misconception  it  is  well  to  emphasize  tlutt  the  diffi- 
culties axui  the  considerable  fuel  losses  during  exhausting  experienced 
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with  the  usual  two-stroke  gas  engine,  chiefly  on  account  of  the  succes- 
sive  scavenging  and  loading  of  the  engine  cylinder,  are  absent  in  the 
two-stroke  Diesel  engine.  In  this  engine  the  same  air  pump  does  the 
scavenging  and  the  charging,  whereas  in  the  two-stroke  gas  engine 
separate  pumps  are  used  for  scavenging  and  for  charging  the  cylinder 
with  the  gas^and-air  mixture.  These  pumps  consume  considerable 
power,  and  it  is  difficult  to  prevent  a  part  of  the  fresh  gas-air  charge 
from  being  expelled  with  the  products  of  combustion  during  ex- 
hausting. Having  to  deal  with  inert  air  (air  not  mixed  with  any 
combustible  gas)  and  a  liquid  fuel,  the  working  process  of  the  two 
stroke-cycle  Diesel  engine  is  much  simpler  than  that  of  the  gas  engine 
having  a  two-stroke  cycle. 

Engines  with  a  fournstroke  cycle,  in  sizes  from  50  to  800  horse- 
power,^ have  been  developed  to  a  high  degree  of  perfection,  and  are 
so  simple  in  operation  that  httle  justification  for  the  adoption  of 
two-stroke  engines  in  these  sizes  exists  at  present.  The  field  of  two- 
stroke  types  lies  chiefly  in  engines  of  very  small  and  very  large 
powers,  the  latter  from  1,000  horsepower  upward. 

BSSBMTIAL  QXTAUTIBS  OF  ENGINBS  OF  SMAIiL  POWBB. 

Engines  of  small  power  should  combine  lightness  with  the  greatest 
simphcity  in  design,  to  assure  low  manufacturing  costs  and  ease  of 
operation  in  inexperienced  hands.  In  low-powered  engines  fuel 
economy  and  refinements  in  design  are  sacrificed  to  low  first  cost  of 
engine.  Nor  is  fuel  economy  of  so  much  moment  in  small  engines,  as 
the  total  fuel  consumption  is  a  relatively  small  source  of  expense. 
Explosion  engines  having  a  two-stroke  cycle  best  meet  these  re- 
quirements. Engines  of  this  type  have  merely  self-acting  disk  valves 
for  admitting  air  to  the  crank  case  of  the  engine,  and  a  fuel  pump 
deUvering  a  measured  amount  of  fuel  to  the  fuel-injection  nozzle. 
This  construction  insures  simplicity,  but  also  results  in  low  volumetric 
and  mechanical  efficiency  and  low  fuel  economy.  Diesel  engines, 
to  insure  high  fuel  economy,  demand  mechanically  operated  valves,  and 
a  high-pressure  air  compressor,  which,  together  with  the  high  compres- 
sion and  resulting  high  temperatures  used,  demand  the  highest  grade 
materials  and  workmanship,  involving  a  high  cost  per  horsepower. 

Although  in  European  countries  Diesel  engines  are  manufactured 
in  sizes  as  small  as  15  horsepower  there  is  httle  demand  for  this  size  in 
America,  where  fuel  prices  generally  range  lower,  and  where  Diesel 
engines  of  75  horsepower  indicate  the  probable  commercial  limit  in 
size.  For  large  powers,  from  1 ,000  horsepower  upward,  engines  having 
a  two-stroke  cycle  are  preferred,  as  in  these  sizes  limitations  are  put  on 
the  size  of  cylinder  practical  for  engines  having  a  four-stroke  cycle 
by  the  high  temperatures  and  pressures  produced  in  such  engines. 

•  Th«  Bridth  honepower  is  naed  throughout  this  pubUoation.  The  British  hoisepowv  is  1.0139 
metric  honapofwer,  or  76AH1  m.  kg.,  wher^os  the  metric  is  76  m.  kg.  per  second. 
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An  increased  use  of  material  to  withstand  the  greater  total  pressure  in 
large  cylinders  merely  accentuates  the  difficulty  of  cooling  the  cylin- 
der, the  cylinder  head,  and  the  piston,  and  of  carrying  off  the  heat  fast 
enough  through  thick  cyUnder  and  cylinder-head  walls.  Stresses  due 
to  unequal  expansion  and  contraction  may  easily  lead  to  ruptures  of 
vital  engine  parts,  such  as  cylinder  heads,  pistons,  and  cylindeis. 
Successful  building  of  lai^  Diesel  engines  must  therefore  be  fortified 
by  a  great  amount  of  practical  experience,  particularly  in  the  rational 
design  and  selection  of  casting  mixtures  with  correct  chemical  and 
physical  properties. 

Twenty-four  inches  in  cylinder  diameter  represents  the  probable 
upper  limit  with  air-cooled  pistons,  and  30  inches  with  water-cooled 
pistons,  for  Diesel  engines  having  a  four-stroke  cycle. 

OOHPABATIVB  BCOKOHZBS  OF  DIESEL  AND  OF  EXPLOSION  OIL 

SNQINBS. 

The  use  of  explosion  oil  engines  should  be  dictated  entirely  by  their 
over-all  economy.  Although  they  are  materially  cheaper  in  first 
cost,  they  consume  considerably  more  fuel  and  lubricating  oil  than 
Diesel  engines,  and  their  fuel  consumption  at  fractional  loads  in- 
creases at  a  greater  rate  than  does  that  of  Diesel  engines. 

The  difference  in  economy  between  explosion  oil  engines  and  Diesel 
engines  is  due  not  so  much  to  a  difference  in  thermodynamic  cycles  as 
in  constructional  differences,  which  decidedly  favor  the  Diesel  engines. 

The  higher  the  initial  temperature  and  the  lower  the  terminal 
temperature  the  more  perfect  will  be  the  heat  utilization.  High 
initial  temperature  is  a  function  of  pressure.  If  the  compression 
were  carried  as  high  in  the  explosion  engine  as  in  the  Diesel,  the  ex- 
plosion oil  engine  theoretically  would  show  a  slightly  higher  thermo- 
dynamic efficiency  than  the  Diesel  engine.  The  final  pressure,  when 
the  fuel  is  burned  at  constant  volume,  would,  however,  be  greatly 
increased  above  the  compression  pressure,  or  to  about  60  atmos- 
pheres, with  an  accompanying  rise  in  temperature  far  beyond  that 
practicable  with  the  materials  of  construction  available.  These  limi- 
tations impose  a  lower  compression  pressure  on  explosion  oil  engines 
than  on  Diesel  engines,  so  as  to  keep  the  maximum  pressure  and  tem- 
perature within  safe  limits  of  permissible  engine  construction. 

Thus  with  a  compression  pressure  of  150  to  250  pounds  per  square 
inch  the  explosion  pressure  becomes  270  to  500  poimds  per  square 
inch;  and  with  the  instant  ignition  and  burning  of  the  previously 
vaporized  oil  common  to  explosion  oil  engines,  a  temperature  of 
2,300°  to  3,150''  F.  is  reached. 

The  Diesel  engine  has  a  higher  but  more  gradually  increasing 
compression  pressure  (450  to  500  pounds  per  square  inch)  which  does 
not  subject  the  engine  to  sudden  shocks,  with  a  resulting  increase  in 
temperature  from  atmospheric  to  about  1 ,000°  F.    The  fuel  is  gradual- 
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ly  injected  as  the  piston  moves  from  its  top  center  (inner  dead  center) 
downward,  the  pressure  remaining  practically  constant  during  the 
time  of  fuel  admission.  With  a  decrease  in  load,  the  time  of  fad 
admission  is  also  shortened,  that  is,  the  fuel  supply  is  shut  off  sooner. 
Therefore  the  increase  in  temperature  due  to  the  burning  of  the  fuel 
at  constant  pressure  does  not  exceed  that  reached  in  an  explosion 
engine,  notwithstanding  the  higher  compression  pressure  used  in  the 
Diesel  engine,  and  the  higher  initial  temperature  caused  by  this  com- 
pression. Thus,  the  temperature  in  a  Diesel  engine  seldom  exceeds 
2,600^  F.,  and  reaches  3,000^  F.  only  when  the  engine  is  overloaded. 

If,  then,  the  working  cycles  of  the  two  types  of  engines  are  com- 
pared on  the  basis  of  compression  pressures  used,  the  Diesel  engine 
is  found  to  have  a  greater  thermal  efficiency,  because  it  can  work 
successfully  with  the  higher  compression  pressure.  This  superiority 
is  confirmed  by  comparative  entropy  diagrams. 

Whereas  in  explosion  oil  engines  the  efficiency  is  influenced  by  the 
compression  ratio  alone,  in  the  Diesel  engine  the  efficiency  is  influenced 
by  the  compression  and  the  cut-off  ratios,  the  efficiency  increasing 
with  a  decrease  in  the  length  of  the  cut-off  or  constant-pressure 
line.  Thus,  at  fractional  loads,  the  indicated  thermal  efficiency 
of  Diesel  engines  increases,  which  partly  offsets  the  loss  in  mechanical 
efficiency,  that  is,  the  increased  fuel  consumption  for  performing 
the  internal  work  of  the  engine.  This  accounts  for  the  very  "flat" 
fuel-consumption  curve  of  Diesel  engines,  which  maintain  an  almost 
constant  fuel  economy  over  a  fairly  wide  range  in  load.  Thus  at  three- 
fourths  load  the  increase  in  fuel  consumption  per  brake  horsepower- 
hour  is  only  2  to  5  per  cent,  and  at  one-half  load  1 0  to  1 5  per  cent  greater 
than  at  fiill  load  in  high-grade  engines,  which  is  in  marked  contrast 
wiA  fuel  increases  in  other  prime  movers.  TbeabiUty  to  create  higher 
initial  temperatures,  aside  from  increased  thermal  efficiency,  enables 
the  Diesel  engine  to  bum  a  greater  variety  of  fuels.  In  addition 
to  the  fuel  being  thoroughly  atomized  by  highly  compressed  air,  the 
heated  oxygen  has  an  augmented  power  of  combining  with  the  carbon 
and  hydrogen  in  the  fuel,  so  that  the  velocity  of  the  chemical  reaction 
at  the  high  temperature  in  a  Diesel  engine  is  greatly  increased.  As  a 
result  the  range  of  fuels  suitable  for  the  Diesel  engine  comprises  such 
heavy  liquid  fuels  as  petroleum  residues,  coal-tar  oils,  and  coal  tars. 

A  serious  fuel  loss  in  explosion  engines  is  frequently  caused  by 
the  decomposition  of  the  fuel  oil  sprayed  into  the  hot  ball. 
Various  hydrocarbons  are  formed  with  a  separation  of  carbon  and 
oil  soot;  part  of  this  coats  the  hot  ball  and  the  cylinder,  and  a  larger 
part  is  expelled  with  the  gaseous  products  of  combustion.  From 
time  to  time  accumulated  soot  in  the  exhaust  piping  catches  fire 
and  bmns,  necessitating  precautions  against  fire  from  this  source. 

Comparative  economies  of  Diesel  and  of  explosion  oil  engines 
are  shown  in  Table  1  following.  .  On  a  basis  of  oil  costing  $1  a  barrel, 
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the  miniTminn  yearly  fuel  cost  in  dollars  corresponds  to  the  nimiber 
of  barrels  of  oil  consumed  yearly.  Oil  usually  costs  more  than  SI 
a  barrel,  especially  gas  oils,  which  are  the  only  oils  suitable  for  use 
in  explosion  oil  engines.  On  the  other  hand,  residues  and  heavy 
fuel  oils  can  be  burned  in  the  Diesel  engine.  Lubricating  expense 
is  also  materially  higher  in  explosion  than  in  Diesel  engines.  With 
a  fairly  good  load  factor  it  wiU  not  take  long  to  make  up  the  differ- 
ence in  first  cost  by  greater  economy,  particularly  when  the  fuel 
cost  is  increased  by  long  hauls. 

DIBSBL'S  trSE  OF  CABNOT  OYCUB. 

Diesel's  original  ideal  heat  engine  was  planned  to  use  the  CSamot 
cycle.  Aside  from  the  difficulty  of  obtaining  isothermal  changes 
with  gaseous  fuels  of  low  specific  beat, 
the  original  Diesel  cycle  called  for  en- 
tirely impractical  pressures  and  temper- 
atures. Functional  and  structural  diffi- 
culties of  his  engine  as  originally  planned 
necessitated  many  mechanical  and 
thermodynamical  changes  before  the 
first  successful  engine  was  developed, 
in  1895.  The  first  commercial  engine, 
of  60  horsepower,  was  built  early  in 
1898,  and  is  reported  to  be  in  success- 
fid  operation  still.  The  same  year, 
three  engines  were  exhibited  at  the 
Munich  exposition,  one  built  by  the  fiqurb  i3.-^D]a«nm  explaining  cvnot 
Augsburg  Machine  Works,  one  by  the  ^  ^ 

Deutz  (Otto)  gas  engine  works,  and  the  third  by  Krupp.  Sulzer 
Bros,  of  Winterthur,  Switzerland,  built  their  first  Diesel  engine,  of  20 
horsepower,  in  1896-97.  The  commercial  manufacture  and  distribu- 
tion of  Diesel  engines  dates  from  that  time,  and  at  present  engines 
representing  more  than  two  million  horsepower  are  in  operation. 

The  Oamot  cycle  may  be  briefly  described  by  reference  to  figure  13, 
in  which  T  represents  absolute  temperature  and  S  represents  entropy. 
The  line  da  represents  isothermal  compression  during  which  the  heat 
of  compression  is  to  be  absorbed  as  it  is  added;  from  a  to  &  adiabatic 
compression  sets  in,  during  which  no  heat  is  to  be  abstracted  or 
added.  During  the  isothermal  expansioQ,  from  h  to  e,  heat  is  added  to 
maintain  constant  temperatiu*e,  and  from  c  to  d  the  expansion  is  to 
take  place  adiabatically  in  such  a  manner  that  the  relation  of  the  vari- 
ous compressions  and  expansions  cause  the  final  volmne,  pressure, 
and  temperature  to  coincide  with  those  at  the  beginning  of  the  cycle. 
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This  cycle  demands  that  duriug  the  first  part  of  the  compression, 
heat  must  be  perfectly  carried  away,  that  is,  the  working  fluid  and 
the  surrounding  material  must  be  perfect  conductors;  and  dur- 
ing the  second  period  of  the  compression  no  heat  must  be  carried 
away  or  added,  thus  calling  for  perfect  nonconductors;  sunilar 
opposing  conditions  are  demanded  during  the  expansion  periods. 
Therefore  it  is  not  surprising  that  the  theoretical  requirement  of  a 
perfectly  conducting  and  nonconducting  material  during  different 
periods  of  the  same  cycle  has  never  found  practical  fulfillment. 

Diesel  endeavored  to  meet  the  first  condition  by  spraying  water 
into  the  cylinder,  the  spray  to  be  stopped  during  the  adiabatio 
compression.  During  the  isothermal  expansion  the  fuel  was  to  be 
injected  into  the  cylinder  to  produce  the  required  heat.  The  adia- 
batio compression  had  therefore  to  be  high  enough  to  heat  the  air 
to  a  point  at  which  it  would  ignite  the  fuel.  In  the  first  Diesel 
engine  planned,  coal  dust  was  to  be  the  fuel.  The  adiabatic  ter^ 
minal  pressure  was  to  reach  250  atmospheres,  and  was  to  drop  to  90 
atmospheres  with  the  termination  of  the  isothermal  combustion  of 
the  fuel.  The  cylinder  was  not  to  be  water-cooled,  but  to  be  insu- 
lated against  all  radiation  ef  heat.  The  thermal  efficiency  was  to  be 
73  per  cent.  On  account  of  the  high  pressure  and  temperatures 
involved  and  the  small  amoimt  of  useful  work  obtained,  the  original 
cycle  was  changed  to  that  which  has  been  in  use  for  the  past  20  years. 
It  still  remains  the  nearest  approach  to  the  Camot  cycle.  The 
Diesel  engine  with  its  45  per  cent  indicated  thermal  efficiency  is  the 
most  efficient  heat  engine  of  to-day.  The  efficiency  of  the  Diesel 
cycle  is  about  60  per  cent,  of  which  75  per  cent  is  realized  in  indicated 
work  (45  per  cent  net  indicated  thermal  efficiency)  and  60  per  cent 
in  effective  mechanical  work  (36  per  cent  net  effective  thermal 
efficiency)  in  high-grade,  four-stroke  engines  at  full  load.  Two- 
stroke  engines  have  a  slightly  lower  efficiency. 

DETAILS  OF  DIESEL  ElTailTES. 

Diesel  engines  are  built  in  both  vertical  and  horizontal  units, 
each  type  showing  some  differences  in  construction  in  the  frame,  the 
valve  gear,  the  fuel  injector  and  the  lubricating  arrangements. 

VEBTIOAL  EKQINES. 

Vertical  engines  are  built  as  one  cylinder  and  as  multicylinder 
units.  The  structural  details  of  the  bedplate  of  such  engines  vary 
according  to  whether  it  is  to  support  the  closed  crank  case  or  indi- 
vidual cylinder  frames,  6o-called  A  frames.  For  supporting  the 
closed  crank  case  the  entire  top  joint  of  the  bedplate  is  planed  to 
insure  an  oil-tight  joint  between  it  and  the  crank  case;  for  supporting 
individual  cylinder  frames  the  bed  is  provided  with  carefully  machined 
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pads  or  surfaces  to  which  the  A  frames  are  bolted.  The  bed  is  cast 
int^ral  with  the  crank  pit  and  the  seats  to  receive  the  main-shaft 
bearings.  The  pit  is  as  a  rule  used  as  a  reservoir  for  collecting  the 
spilled  and  surplus  lubricating  oil.  Either  method  of  building  the 
engine  has  its  advantages,  which  are  more  those  of  manufacture 
than  of  any  inherent  superiority  of  one  arrangement  over  the  other. 
A  bedplate  for  supporting  a  oloeed  crank  case  is  shown  in  Plate  I,  A. 

ADVANTAGES  OF  INDIVIDUAL  CYLINDER  FRAMES. 

The  choice  of  individual  cvlinder  frames  enables  the  manufac 
turer  to  build  with  greater  ease  two,  three,  four,  or  even  five  and  six 
cylinder  units  from  a  smaller  number  of  standardized  cylinders  and 
valve  gears.  With  an  engine  having  a  closed  crank  case  this  is  not 
so  readily  and  cheaply  accomplished.  Inasmuch  as  most  engines 
are  used  for  the  generation  of  electric  current  with  direct-connected 
generators,  four-cyUnder  units  are  necessary  to  obtain  the  desired 
cyclic  regularity  for  satisfactory  generator  performance  in  engines 
having  a  four-stroke  cycle,  especidly  when  two  or  more  imits  are  to 
operate  in  parallel.  Multicylinder  units  also  permit  a  higher  num- 
ber of  revolutions,  by  shortening  the  -stroke  without  necessarily 
increasing  the  piston  speed  of  these  units.  Such  features  combine 
to  produce  a  compact,  relatively  Ught  engine.  The  dosed  crank 
case  is  the  construction  favored  for  medium  and  high  speed 
engines,  with  which  forced-feed  lubrication  is  used.  There  is  no 
spilling  and  spattering  of  lubricating  oil,  and  the  engine  and  engine- 
room  floor  are  readily  kept  clean.  The  forced-feed  lubricating  system, 
at  first  used  only  on  high-speed  imits,  has  proved  so  satisfactory  and 
so  economical  in  the  use  of  lubricants  that  it  is  used  increasingly  on 
medium-speed  and  low-speed  engines.  In  Europe  manufacturers  have 
adopted  this  closed  crank  case  construction  for  units  up  to  1,000 
horsepower. 

In  larger  engines,  which  require  the  use  of  A  frames,  the  panels 
are  connected  with  steel  sheets  provided  with  lai^e  doors  between 
the  individual  frames,  so  as  to  obtain  the  advantages  of  a  closed 
crank  case  and  of  forced-feed  lubrication. 

On  the  bedplate  is  also  mounted  the  multistage  air  compressor, 
usually  in  a  vertical  position  to  preserve  the  symmetry  of  the  engine. 

CONSTRUCTION  OF  CYLINDERS  AND  CYLINDER  FRAMES. 

The  cylinder  frame  receives  the  cylinder  liner  which  has  at  the 
head  end  a  heavy  flange  fitted  to  the  cylinder  frame.  A  r^stered 
joint  is  either  placed  wholly  in  the  top  of  the  flange  of  the  cylinder 
liner  or  is  divided  over  the  top  of  the  cylinder  frame  and  the  liner. 
Some  constructors  prefer  the  latter  method,  to  insure  a  water-tight 
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and  a  gas-tight  joint.  The  cylinder  head  is  provided  with  a  corre- 
sponding ring  that  fits  into  the  registered  joint,  soft-copper  packing 
rings  being  inserted  between  the  surfaces. 

The  top  end  of  the  cyUnder  frame  must  be  so  designed  as  to  pro- 
vide ample  metal,  as  in  it  are  secured  the  stud  bolts  that  hold  the 
cylinder  head  and  are  subject  to  heavy  stress. 

The  cylinder  liner  is  provided  in  the  middle  with  a  machined  rib 
or  ring  to  center  the  liner  and  also  to  give  it  lateral  support  against 
a  similar  ring  cast  integral  with  the  cyUnder  frame.  The  bottom 
part  of  the  liner  has  another  ring  provided  either  with  a  gland  ring 
or  a  groove  into  which  fits  a  circular  rubber  packing  ring.  Both 
methods  are  used  to  insure  a  water-tight  joint  between  mantle  and 
liner.  The  cylinder  liner  is  fixed  only  at  the  head  end,  and  is  there- 
fore free  to  expand  in  the  other  direction. 

The  use  of  separate  castings  for  the  mantle  and  for  the  cylinder 
liner  is  important,  as  the  cylinder  hner  becomes  much  hotter  than 
the  mantle,  so  that  the  unequal  stresses  produced  in  the  two  are 
likely  to  fracture  a  cylinder  if  cast  integral  with  the  mantle.  Sepa- 
rate liners  can  be  designed  and  made  of  the  most  suitable  material; 
in  case  of  excessive  wear  or  fracture,  they  can  be  cheaply  and  easily 
replaced.  On  account  of  the  rapid  alternations  of  exceedingly 
high  and  low  temperatures,  cylinder  liners  are  preferably  made  of  a 
special  close-grained  cast  iron  of  high  tensile  strength — capable  of 
withstanding  a  load  of  40,000  pounds  per  square  inch — and  able  to 
withstand  severe  shock  tests. 

For  cylinder  lubrication  the  cylinder  frame  and  the  liner  are  per- 
forated in  four  places,  and  oil  passages  consisting  of  small  copper 
pipes  are  inserted  between  the  mantle  and  the  liner,  and  bridge  the 
water  space.  These  oil  passages  are  in  the  same  plane  in  the  middle 
part  of  the  cylinder,  being  spaced  90^  apart,  and  45°  removed  from 
the  axis  of  the  main  shaft.  As  the  front  and  the  back  cylinder  walls 
receive  the  principal  pressure,  the  oil  feeds  in  these  cyhnders  are 
sometimes  set  closer  together,  so  as  to  feed  the  oil  more  freely  to  the 
surfaces  most  taxed. 

The  length  of  the  cylinder  liner  is  determined  by  the  length  of  the 
stroke  and  of  the  piston.  The  length  of  the  piston  is  governed 
according  to  whether  it  is  a  trunk  piston  or  whether  it  ia  guided  by  a 
crosshead.  The  piston  may  extend  one-fifth  of  its  length  out  of  the 
cylinder.  Cylinder  frames  and  liners  of  engines  having  a  two-stroke 
cycle  differ  from  those  of  engines  having  a  four-stroke  cycle,  previ- 
ously described,  in  that  the  bottom  part  has  exhaust  ports  and  water- 
cooled  passages  for  conducting  the  products  of  combustion  into  the 
exhaust  pipes.  In  some  engines  the  scavenging  air  ports  are  also 
placed  in  that  part  of  the  cylinder. 
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HORIZONTAL  BNGINBS. 

The  frames  of  horizontal  Diesel  engines  do  not  differ  materially  from 
'those  of  ordinary  horizontal  gas  engines.  They  are  built  either  as 
one  or  two  cylinder  frames.  If  four-cylinder  imits  are  desired,  two- 
cylinder  frames  are  united  by  placing  the  flywheel  and  the  dri vingpulley 
or  electric  generator  between  the  two  frames.  The  cylinder  mantle 
and  the  crank  pit,  with  bearing  supports,  are  cast  integrally. 

The  frame  is  provided  with  machined  pads,  to  which  the  air  com- 
pressor is  bolted.  The  compressor  is  usually  driven  from  an  over- 
hanging crank  pin  at  the  end  of  the  main  shaft.  According  to 
whether  the  connecting  rod  is  connected  to  a  crosshead  carried  in  a 
guide  or  whether  the  trunk  piston^  with  its  piston  pin,  serves  as  a 
modified  crosshead  guided  by  the  cylinder,  the  cylinder  frame  is 
proportionately  long  or  short.  To  collect  the  spent  cylinder  oil,  a 
cast-iron  rib  extends  vertically  upward  and  across  the  frame,  sepa- 
rating the  crank  pit  from  the  forward  part  of  the  cylinder  frame  and 
preventing  the  bearing  oil  collected  in  the  crank  pit  from  becoming 
mixed  with  the  used  cylinder  oil. 

The  cylinder  liner  is  constructed  as  for  vertical  engines  and  is  set 
into  the  frame  in  much  the  same  manner.  Cylinder  frames  for  engines 
having  a  two-«troke  cycle  are  built  along  similar  lines  as  for  vertical 
engines,  or  the  cylinder  and  jacket  mantle,  with  cored  exhaust  ports 
and  water-cooled  conduit  for  exhaust  gases,  are  cast  in  one  piece,  with 
the  cylinder  liner  extended  so  as  to  be  slipped  into  and  bolted  to  a 
supporting  ring  which  is  part  of  the  main  engine  frame;  the  over- 
hanging cylinder  frame  is  then  supported  by  a  suitable  footing  or 
colxmm.  The  engine  frame  is  designed  to  receive  the  injection  air 
compressor  as  well  as  the  scavenging  air  pump. 

COKSTBT7CTION  OF  CBANX  SHAFT. 

The  high  pressures  conunon  to  Diesel  engines  demand  proportion- 
ately heavy  crankshafts.  These  are  foiled  from  the  sohd,  a  ductile 
low-carbon  steel  being  used.  Some  manufacturers  use  nickel-stoel 
shafts.  For  large  engines,  or  for  an  engine  made  of  two  half  units, 
the  shaft  is  composed  of  more  than  one  piece,  although  the  common 
practice  for  stationary  engines  is  to  use  one-piece  shafts,  even  if  four 
cranks  are  used. 

UXTHODS  OF  LT7BBZCATION. 

When  the  shaft  and  the  connecting  rods  are  not  drilled  for  forced- 
feed  lubrication,  it  is  usual  to  provide  each  crank  with  a  centrifugal 
oiling  ring  to  deliver  the  oil  to  the  crank  pins.  For  this  purpose  the 
crank  pins  are  drilled,  the  drilled  passages  receiving  the  oil  from  the 
rings  and  delivering  it  to  the  pin  brasses.  Oil-drip  rings  turned  out 
of  the  solid  material  of  the  shaft  confine  the  oU  to  the  main  bearings 
and  lead  it  to  the  oil  reservoirs  in  the  crank  pit.     On  the  shaft  is 
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mounted  the  helical  gear  for  engaging  a  like  gear  on  the  governor 
shaft  and  driving  it,  the  geara  dipping  into  the  oil.  A.  crank  pin  for 
driving  the  air  compressor  is  part  of  the  main  shaft  and  is  lubricated 
in  the  same  manner  as  the  other  pins.  The  flywheel  and  the  driving 
puUey  are  usually  mounted  on  an  enlarged  part  of  the  shaft,  the  ex- 
tension of  which  is  carried  in  an  outboard  bearing. 

The  main  bearings  for  diis  type  of  shaft  are  either  provided  with 
an  oiling  ring  or  are  constantly -flooded  with  oil  under  pressure  issuing 
from  a  pipe  in  the  cover  of  each  bearing.  The  surplus  oil  is  col- 
lected in  the  crank  pit  and  is  filtered  and  cooled,  and  is  returned  to  the 
bearing  by  a  pressure  oil  pump.  A  circulating  system  of  this  kind 
insures  positive  lubrication  of  the  main  bearings,  whereas  oUii^  rings 
may  possibly  stick  and  through  fail- 
ure of  lubrication  cause  the  burning 
of  a  bearing. 

Another  system   of  lubrication, 
essential    to   high-speed    and   even 
medium-speed  engines,  and,  on  ac- 
count of  its  satisfactory  operation 
and  sparing  use  of  lubricants,  fav- 
ored increasingly  for  high-grade  low- 
speed  engines,  is  illustrated  in  figure 
H.     Drilled  passages  run  from  the 
middle  of  the  main  bearings  di^o- 
nallj  through  the  middle  of  a  journal 
and  the  webs  of  the  cranks  and  issue 
in  the  middle  of  the  crank  pins.    The 
connectingrod  is  hollow.    Whenever 
these  passages  register,  a  part  of  the 
oil,  aside  from  lubricating  the  main 
and  the  crank-pin  bearings,  is  forced 
through  the  hollow  connecting  rod  and  lubricates  the  pisten-pin  bear- 
ing.    The  oil  is  initially  forced  under  pressure  through  the  covers  of 
the  main  bearings.     In  other  engines  the  oil  is  supplied  through  the 
bottom  of  each  main  bearing,  permitting  a  simple  arrangement  of 
the  oil  piping  and  obviating  the  necessity  of  breaking  pipe  connec- 
tions when  the  bearing  covers  are  removed.    The  surplus  oil  is  col- 
lected in  the  crank  pit,  flows  to  a  filter,  through  a  cooler,  and  is 
returned  to  the  bearings  by  a  positive-pressure  pimip,  driven  direct 
from  the  main  engine  either  by  gearing  or  side  cranks.    Figure  15 
illustrates  such  an  oiling  system. 

The  lubricating  system  last  described  effectively  lubricates  the 
pisten-pin  bearing,  which  is  of  particular  importance,  as  its  position 
inside  the  trunk  pisten  and  in  close  proximity  to  the  piston  head 
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Bubjecte  it  to  heat  by  absorption  and  conduction,  in  addition  to  the 
Bevere  duty  it  has  to  perform  regularly  in  transmitting  the  b^h 
piston  pressures.  Engines  using  centrifugal  oiling  rings  have  a  sepa- 
rate oil  supply  for  the  piston  pin,  as  indicated  below. 

In  vertical  engines  one  of  the  plungers  of  a  forced-feed  oil  piunp 
used  for  cylinder  lubrication  delivers  oil   through   a  feed  in  the 


cylinder  frame  and  the  liner  to  a  vertical  groove  in  the  piston.  This 
groove  is  above  the  piston  pin  and  is  connected  with  drilled  passages 
in  the  piston  and  the  piston  pin,  and  through  these  passages  the  oil 
is  fed  to  the  pin  bearings. 

In  horizontal  engines  with  trunk  pistons  the  feeding  of  the  piston- 
pin  bearing  is  simple.    An  inclined  oil-feed  pipe  provided  externally 
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with  a  wiper  is  fastened  to  the  inner  wall  of  the  trunk  pbton.  With 
every  stroke  of  the  piston  a  measured  supply  of  oil  furnished  by  a 
separate  pump  plunger  is  carried  to  the  piston-pin  bearing. 

A  method  of  driving  a  rotary  lubricating  oil  pump  on  a  vertical 
engine  is  shown  in  Plate  II,  A. 

MAIN  BEARINGS. 

The  main  bearings  are  usually  semicylindrical,  babbitted,  cast- 
steel  shells,  carried  by  carefully  machined  seats  cast  integral  with 
the  bedplate,  the  shells  being  held  down  by  their  covers.  Ttey 
have  no  wedge  adjustment,  but  rest  rigidly  in  their  seats.  In  prac- 
tice it  has  been  found  difiSicult  to  keep  numerous  adjustable  bearings 
in  perfect  alignment,  and  inequalities  in  adjustment  of  the  different 
bearings  have  frequently  led  to  broken  shafts.  With  the  bearings 
once  carefully  machined  and  aligned  in  the  shop  the  wear  over  all 
bearings  is  imiform  and  light  in  high-grade  engines,  in  which  the 
bearings  are  flooded  with  oil  from  a  forced-feed  system,  uniform 
bearing  pressure  being  insured  through  an  equally  proportioned 
supply  of  fuel  oil  fimiished  to  each  cylinder.  Thin  brass  shims  are 
placed  between  the  bearing  shells;  to  take  up  wear  a  shim  is  removed 
from  each  side  of  each  bearing.  By  raising  the  shaft  sUghtly  the 
shells  can  be  rolled  out  for  rebabbittlng.  The  shop  method  of  insur- 
ing alignment  of  the  bearing  seats  is  shown  in  Plate  I,  A  (p.  20). 
The  seats  are  chalked,  and  any  inequality  is  apparent  on  the  care- 
fully machined  arbor.     Any  roughness  is  then  removed  by  scraping. 

CONNECnNG  BOD. 

The  connecting  rod  is  forged  of  soft,  low-carbon  steel  and  has  a 
hollow  center  in  engines  using  forced-feed  lubrication.  Hollow 
rods  are  often  used,  especially  in  small  engines,  to  decrease  weight. 
The  crank-pin  end  is  usually  provided  with  a  marine  head,  the  boxes 
of  which  are  either  lined  with  babbitt  or  bronze,  the  head  proper  being 
of  cast  steel,  and  is  bolted  to  the  connecting  rod.  Brass  shims  are 
usually  {daced  between  the  head  and  the  rod  to  permit  adjustment  and 
insure  the  desired  compression.  The  piston-pin  end  of  the  rod 
is  usually  slotted  out  of  the  solid  to  receive  an  adjustable  box  made 
of  cast  steel  or  cast  iron  lined  with  babbitt  and  bronze.  Adjust- 
ment is  made  either  by  shims  held  by  adjusting  screws  or  by  wedges. 
The  positive  rigidity  obtained  with  square  shims  and  adjusting 
screws  is  usually  given  preference  over  the  wedge  adjustment.  For 
large  engines  a  marine  head  for  the  piston  end  is  sometimes  preferred 
as  offering  greater  ease  of  adjustment;  however,  it  offers  no  advan- 
tages over  the  closed  head  when  it  has  to  be  removed.  The  piston 
and  rod  of  either  type  are  pulled  through  the  top  of  the  cylinder 
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and  the  rod  is  removed  by  knocking  out  the  piston  pin.  In  hoii- 
zontal  engines  the  pistons  are  pulled  out  of  the  open  bottom  of  the 
cylinder,  so  that  the  heads  do  not  have  to  be  removed,  an  adran- 
ti^eous  arrangement.  Some  types  of  vertical  engines  are  so  built  as 
to  permit  pulling  the  piston  from  the  bottom  of  the  cylinder. 

PISTONS. 

On  account  of  the  relatively  short  connecting  rod  and  the  high 
pressure  common  to  Diesel  engines,  the  resultant  side  pressure  on  the 
cylinder  wall  is  high.  Therefore,  the  trunk  pistons  miist  be  corre- 
spondingly long  to  keep  the  unit  pressure  within  safe  limits  and  to  re- 
duce excessive  cylinder  and  piston  wear.  For  this  reason  crossheads 
and  guides  were  used  during  the  earlier  development  of  Diesel  engines 
in  Europe.  On  account  of  its  many  advantages  the  trunk  piston 
has  been  adopted  and  is  used  in  engines,  even  of  250  horsepower  per 
cylinder  and  in  imits  of  1,000  horsepower.  The  trunk  piston  is  more 
easily  provided  with  a  greater  bearing  surface  than  a  crosshead, 
thus  insuring  less  wear;  the  lubrication  imder  pressure  of  a  cylin- 
drical guiding  surface  is  more  effective  than  with  open  guides.  The 
piston  moves  over  perfectly  cooled  walls,  whereas  the  crosahead 
tends  to  heat  more  readily  and  when  once  hot  is  not  easily  cooled; 
moreover,  water-cooled  crossheads  compUcate  construction.  Tlie 
use  of  crossheads  and  guides  greatly  augments  the  height  or  the 
length  of  the  engine,  increasing  its  cost.  For  large  engines  this 
construction  is  used,  as  it  affords  greater  accessibiUty  and  ease  of 
adjustment,  the  crosshead  guide  in  such  engines  being  water  cooled. 

To  confine  the  wear  to  an  easily  and  cheaply  replaceable  part 
of  the  piston,  in  some  constructions  the  piston  on  the  side  subjected 
to  the  reaction  pressure  is  provided  with  soft,  cast-iron  wearing 
shoes,  which  can  be  raised  slightly  by  the  interposition  of  thin 
sheet-metal  shims,  when  shoes  and  cylinder  are  worn.  However, 
this  construction  is  not  extensively  used,  as,  with  good  design  and 
workmanship  and  thorough  lubrication^  the  wear  is  slight  and  is 
noticeable  only  after  years  of  work.  Cylinder  wear  is  usually  due  to 
an  excessive  sand  or  ash  content  in  the  fuel  oil  used  and  not  to  pis- 
ton side  pressure. 

The  cylinder  Uner  is  cast  sufficiently  heavy  to  permit  of  reboring. 

From  five  to  seven  snap  rings  are  used  to  seal  the  cylinder.  To 
hold  the  rings  closed  they  are  pinned  together  at  the  lap  jointe. 
They  are  pinned  to  the  piston  by  a  small  dowel  set  in  a  hole  in  the 
grooves.  Such  fastening  is  always  necessary  in  two-cycle  engines 
to  prevent  the  ends  of  the  snap  rings  from  shifting  around  the 
piston  and  thus  traveling  across  the  exhaust  ports  and  catching  ib 
them  while  they  are  being  imcovered  or  covered  by  the  piston. 
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At  the  bottom  of  the  piston  another  ring  is  placed,  serving  as  an 
oil-wiping  ring  and  preventing  the  drawing  of  splashed  oil  from  the 
crank  case  and  the  reciprocating  parts  into  the  engine  cylinder. 
This  featm*e  is  of  importance  in  a  high-speed  engine  with  a  closed 
crank  case. 

Pistons  of  small  size  are  cast  in  one  piece;  those  of  larger  engines 
are  cast  in  two  pieces.  The  limiting  size  for  the  one-piece  and  the 
two-piece  construction  differs  widely  with  different  builders.  In  the 
two-piece  construction  the  piston  top  with  the  snap  rings  comprises 
about  the  upper  one-third  of  the  piston.  In  the  lower  piece  is  placed 
the  gudgeon  pin.  That  part  of  the  piston  subjected  to  intense  heat 
and  great  wear  by  the  impinging  of  the  fuel  and  air  jets  can  thus  be 
cheaply  replaced.  The  top  of  the  piston  is  either  a  plane  surface  or 
has  a  concave  depression.  To  reduce  the  clearance  space  to  a  mini- 
mum and  to  obtain  the  required  compression,  the  piston  is  permitted 
to  come  close  to  the  head  when  at  its  top  center  by  cutting  out 
recesses  in  the  top  of  the  piston  for  the  air  inlet  and  exhaust  valves. 
To  prevent  excessive  wear  of  the  central  top  part  of  the  piston,  upon 
which  the  fuel  and  the  injection  air  impinge,  a  nickel  or  steel  plate 
is  sometimes  cast  into  that  part.  Other  constructions  provide  a 
small  cone  to  distribute  the  fuel  radially  over  the  entire  combustion 
space  and  to  improve  the  combustion  of  the  fuel.  The  construction 
of  the  piston  is  largely  a  matter  of  practical  experience.  The  interior 
of  the  trunk  is  provided  with  reinforcing  ribs  for  strength  as  well  as 
for  radiating  heat  readily.  On  account  of  the  repeated  heat  changes 
and  high  pressures,  the  piston  is  heavily  taxed.  Notwithstanding,  all 
material  must  be  used  judiciously  and  in  the  right  places,  as  any 
excess  iron  will  serve  only  as  a  heat  accumidator  and  subject  the 
piston  to  severe  internal  stresses  caused  by  differences  in  temperature 
in  different  parts  of  the  piston.  A  light  piston  is  also  desirable  to 
reduce  the  weight  of  the  reciprocatmg  masses. 

Large  pistons  are  jacketed  and  cooled  by  oil,  water,  or  air  and 
water.  The  oil  or  water  is  either  circulated  through  the  jacket 
space,  or  the  water  is  sprayed  with  air  against  the  inside  surface  of 
the  piston  top. 

In  some  engines  oil  is  used  for  piston  cooling,  to  prevent  contami- 
nation with  water  of  the  lubricating  oil  in  the  crank  case,  should  the 
moving  pipe  connections  supplying  the  cooling  medium  spring  a  leak. 
However,  the  use  of  oil  as  a  cooling  medium  is  not  general;  as  its 
specific  heat  is  only  about  half  that  of  water.  Water  is  also  far 
superior  for  transmitting  .heat.  As  satisfactory  mechanical  con- 
structions have  been  developed  that  insure  a  continuous  supply  of 
cooling  water  to  the  piston  with  small  Ukehhood  of  leaks,  the  use  of 
oil  has  been  superseded  by  that  of  water  even  by  builders  who  have 
long  adhered  to  the  former  practice. 
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The  water  for  piston  cooling  may  be  circulated  throu^  telescopic 
pipes,  with  the  stuffing  box  a  moving  part  of  the  piston,  or  the 
stuffing  box  may  be  attached  to  the  frame  and  the  water  be  supplied 
to  the  piston  through  hollow  walking  anus  through  which  the  wato 
flows  to  the  pipes  leading  into  the  piston.  A  pump  may  be  actuated 
from  the  croashead  and  the  water  be  carried  to  the  piston  through  the 
hollow  piston  rod.  In  another  cooling  system  water  is  sprayed  by  air 
against  the  heated  piston  surface,  not  enough  water  being  used  to 
fill  the  water  space  of  the  piston.  The  excess  water  drains  off  throng 
a  pipe  surrounding  the  spray  pipe,  no  stuffing  box  being  used. 

There  is  no  uniform  practice  among  manufacturers  regarding  the 
size  of  engine  at  which  a  change  from  air-cooled  to  w^ter-cooled 
pistons  is  made.  Some  use  water-cooled  pistons  when  the  cylinder 
reaches  125  horsepower.  Others  build  air-cooled  pistons  foj-  cylinders 
of  250  horsepower.  In  construction  involving  a  closed  crank  C4k»e, 
which  gives  little  opportunity  for  air-cooling  of  the  piston,  the  former 
practice  is  favored,  whereas  for  horizontal  engines  in  which  the  int^ 
rior  of  the  trunk  and  the  part  of  the  piston  extending  outside  of  the 
cylinder  are  exposed  to  the  air  the  higher  limit  may  be  used. 

Pistons  of  two-stroke  cycle  engines,  in  which  the  scavenging  air  is 
admitted  through  ports  in  the  bottom  of  the  cylinder,  have  special 
shaped  tops  to  direct  the  flow  of  the  scavenging  air. 

In  horizontal  engines,  the  ratio  between  the  length  of  connectiiig 
rod  and  that  of  the  stroke  is  generally  greater  than  in  vertical  engines; 
a  ratio  of  3  is  common,  so  that  the  reaction  pressure  against  the  side 
of  the  cylinder  is  usually  less  than  in  vertical  engines,  even  allowing 
for  the  additional  pressure  due  to  the  weight  of  the  piston,  which 
is  always  slight  compared  with  the  total  side  pressure  on  the 
cylinder. 

The  cylinders  are  lubricated  by  providing  each  cylinder  with  a 
force-feed  pump  operated  by  a  reducing  motion  from  the  end  of  the 
piston,  or  with  a  multiple-plunger  pump  driven  by  an  eccentric  device 
or  direct  from  the  cam  shaft,  one  plunger  being  provided  for  each 
working  cylinder  and  one  for  each  air-compressor  cylinder.     In  some 
engines  two  plungers  per  cylinder  are  provided,  one  for  each  pair  of 
the  four  oil  feeds  grouped  around  the  -cylinder.    Vertical  two-stroke 
Diesel  engines  usually  have  a  separate  oil  feed  above  and  below  the 
exhaust  ports  to  prevent  any  excess  of  lubricating  oil  from  beiiig 
swept  through  the  exhaust  ports.    Horizontal  two-stroke  engines 
usually  have  the  exhaust  ports  in  the  sides  of  the  cylinder,  the  parts 
of  the  cylinder  serving  as  top  and  bottpm  guides  being  solid;  the 
lubricating  oil  can  then  be  so  distributed  over  the  bearing  surfaces 
as  to  occasion  little  if  any  loss  through  the  exhaust  ports  and  separate 
oil  feeds  are  not  needed. 
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PLYWHBBIi. 

Flywheel  construction  does  not  differ  from  that  common  to  gas- 
engine  practice.  To  insure  a  fairly  uniform  speedy  a  flywheel 
becomes  necessary.  On  account  of  the  high  compression  and  mean 
effective  pressiu'es,  the  cranks  are  subjected  to  severe  duty  and 
transmit  correspondingly  high  efforts.  During  the  power  impulse, 
excess  power  must  be  stored  in  the  flywheel  to  be  released  during 
the  compression  stroke  and  during  the  other  two  improductive  strokes 
in  engines  with  a  four-stroke  cycle.  One-cylinder  engines,  especially 
if  great  uniformity  of  speed  is  demanded/  as  in  driving  two  or  more 
alternators  in  parallel,  require  an  excessively  heavy  flywheel.  Con- 
centration of  all  the  power  in  one  cylinder  also  greatly  increases  the 
comparative  weight  of  the  engine. 

Commercial  as  well  as  technical  reasons,  therefore,  impose  limita- 
tions on  the  size  of  single-cylinder  units.  These  seldom  exceed  150 
horsepower  and  then  are  usually  confined  to  horizontal  engines  for 
industrial  uses  allowing  a  liberal  variation  in  speed.  Two-cylinder 
units  are  built  in  sizes  of  50  to  300  horsepower,  and  three  and  four  cyl- 
inder units  in  sizes  from  100  horsepower  up.  Multicylinder  imits, 
by  dividing  the  work  among  a  number  of  cylinders,  have  a  better 
rhythm  and  greatly  reduce  the  individual  tangential  forces  received 
by  the  crank,  and  therefore  require  a  much  lighter  flywheel.  Thus, 
the  flywheel  of  a  one-cylinder  engine,  if  used  on  a  four-cylinder  engine 
with  the  same  size  of  cylinder  and  four  times  larger  power,  wiU  cause 
a  cyclic  regularity  nearly  400  per  cent  better  than  that  of  the  one- 
cylinder  unit.  Multicylinder  units  are  considerably  lighter;  the 
smaller-sized  cylinders  allow  shorter  strokes  and  therefore  higher 
rotative  speeds,  and  these  reduce  the  required  flywheel  weight. 

Plates  III,  IV,  and  V  show  how  the  cyclic  regularity  is  affected  by 
(a)  the  number  of  cylinders;  (6)  the  cycle  of  the  engine,  whether 
two-stroke  or  four-stroke  and  whether  single  or  double  acting;  and 
(c)  the  setting  of  the  cranks. 

The  abscissas  denote  the  time  cycle  during  which  the  forces  act, 
and  the  ordinates  show  the  forces  acting  tangentially  on  the  crank 
pin.  The  number  of  cyUnders  and  the  setting  of  each  of  the  cranks 
are  shown.  The  area  between  the  base  line  and  Mis  the  mean  crank 
effort  or  power  furnished  by  the  engine  during  the  entire  cycle.  The 
shaded  areas  represent  the  excess  work  of  the  engine  developed  during 
periods  of  maximum  work,  which  must  be  stored  in  the  flywheel  to  be 
given  off  during  periods  of  negative  work;  that  is,  when  the  engine 
produces  insufficient  power  and  consumes  power. 

la  Plate  III,  the  numbers  1, 2, 3, 4, 6,  8,  and  12  denote  the  number 
of  cylinders  of  same  size  in  the  four-stroke  engines  compared.  The 
shaded  areas  become  successively  smaller  with  an  increase  in  the 
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number  of  cylinders,  notwithstanding  the  fact  that  the  mean  crank 
effort  corresponding  to  the  number  of  cylinders  is  proportlonatdy 
greater.  If  all  these  engines  were  to  have  the  same  degree  of  regu- 
larity, the  flywheels  would  have  to  be  dimensioned  proportionately 
to  the  shaded  areas,  clearly  illustrating  the  much  reduced  fly^hed 
weight  required  by  multicylinder  units.  As  previously  mentioned, 
such  units  give  much  greater  imiformity  of  motion  and  rhythm 
with  a  corresponding  decrease  in  the  weight  of  reciprocating  masses 
and  dimensions  of  units,  thus  permitting  great  compactness  with 
relatively  small  head  room.  These  are  the  factors  principally 
responsible  for  the  general  adoption  of  multicylinder  units  and  not 
the  inability  to  concentrate  only  small  power  in  one  cylinder,  as 
European  manufacturers  have  developed  cyliuders  that  yield  2,000 
horsepower. 

The  crank-effort  diagrams  in  Plate  lY  are  of  single-acting  two- 
stroke  engines  with  1,  2,  3,  4,  6,  and  8  cylinders.  These  engines 
require  still  Ughter  flywheels,  mainly  because  they  receive  a  power 
impulse  per  cylinder  during  each  revolution,  instead  of  every  other 
revolution  as  in  engines  having  a  four-stroke  cycle,  represented  in 
Plate  III. 

Although  in  all  the  diagrams  of  Plate  III  and  in  the  first  sk  of 
those  in  Plate  IV  the  cranks  are  shown  set  so  that  the  power 
impulses  are  equal  time  intervals  apart,  the  last  two  diagrams  in 
Plate  IV  representing  six  and  eight  cylinder  engines  illustrate  a  crank 
position  in  which  two  power  impulses  are  transmitted  to  the  shalt 
simultaneously.  This  setting  increases  correspondingly  the  excess 
work  to  be  stored  in  the  flywheel  and  requires,  a  proportionately 
heavier  flywheel. 

In  Plate  V  are  shown  diagrams  of  double-acting,  two-stroke 
engines  with  1,  2,  3,  4,  and  6  cylinders;  two  six-cylinder  engines  are 
shown,  one  receiving  only  one  working  impulse  at  a  time  per  cycle, 
the  other  receiving  two  simultaneous  working  impulses  per  cycle. 
These  diagrams  show  that  double-acting,  two-stroke  engines  require 
the  smallest  flywheel  weights. 

A  one-cylinder,  single-acting,  tworstroke  engine  generally  requires 
about  the  same  flywheel  effect  as  a  two-cylinder  four-istroke  engine; 
and  a  given  number  of  cylinders  in  a  double-acting  four-stroke  engine 
imparts  the  same  regularity  to  it  as  does  an  equal  number  of  cylinders 
in  a  single-acting  two-stroke  engine. 

The  irregularity  factor  may  be  defined  as  the  ratio  of  the  difference 

between  the  maximum  and  the  minimum  velocities  to  the  average 

velocity  of  the  flywheel  during  one  revolution  and  is  expressed  by 

,v     /  ,    V  maximum  — V  minimum     .^  ^,       -  .i 

the  formula xt ;  it  therefore  expresses  the 

V  mean  '  ^ 

maximum  variation  in  velocity  during  one  revolution  and  is  also 

known  as  the  pulsation  of  the  prime  mover. 
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The  maximum  variation  from  uniform  speed  differs  widely  for  dif- 
ferent classes  of  work  required  of  the  engine.  The  irregularity  factor 
may  vary  as  follows: 

For  driving  pumps,  punches,  shears,  and  machines  requiring  a  low 
degree  of  regularity,  one-twentieth  to  one-thirtieth . 

Machine  tools,  looms,  and  paper  machinery,  one  thirty-fifth  to  one- 
fortieth. 

Spinning  machinery,  according  to  class  of  work,  one-sixtieth  to  one 
one-Kundreth. 

Direct-current  generators,  one  one-hundred-and-fiftieth.  . 

Alternating-current  generators,  one  two-hundred-and-fiftieth  to 
one  three-hundredth. 

Making  allowance  for  the  different  classes  of  power  service  that 
Diesel  engines  have  to  perform,  manufacturers  usually  provide 
standard  hght,  mediimi,  and  heavy  flywheels  for  all  engines,  the 
medium  and  heavy  flywheels  of  smaller  engines  being  also  available 
as  light  and  medium  flywheels  for  progressively  larger  machines. 
The  set  of  ^ywheels  used  on  one-cylinder  engines  is  also  used  on  mul- 
ticylinder  units  with  cylinders  of  same  size. 

One-cylinder  units  should  not  be  used  if  the  permissible  variation 
has  io  be  less  than  one-fiftieth ;  two-cylinder  units  may  be  used  if  the 
factor  of  irregularity  does  not  have  to  be  less  than  one  one-hundredth; 
one  two-hundredth  is  the  limit  for  three-cylinder  units,  and  one  three- 
hundredth  or  less  for  four-cylinder  units.  Naturally,  three  and  four 
cylinder  imits  can  perform  the  work  of  one  or  two  cylinder  units  with 
a  much  lighter  flywheel.  The  foregoing  figures  apply  also  to  engines 
having  a  two-stroke  cycle  but  with  half  the  number  of  cylinders. 

Limitations  as  to  weight  and  dimensions  of  engine  and  flywheel, 
floor-space  requirements,  the  more  perfect  balancing  of  the  much- 
reduced  reciprocating  masses,  and  the  great  comp^^ctness  will 
often  decidedly  favor  the  multicylinder  unit,  especially  when  the 
Diesel  engine  is  to  be  directly  connected  to  an  alternating-current 
generator  and  two  or  more  units  are  to  operate  in  parallel.  Multi- 
cyliijder  units  also  permit  a  high  rotative  speed,  which  lowers  the 
flywheel  weight  and  increases  the  permissible  variation  of  the  engine 
through  the  reduction  of  the  number  of  poles  in  the  generator. 

CTLINDBB  HEAD. 

In  engines  having  a  four-stroke  cycle  the  usual  practice  is  to  place 
all  valves  in  the  cylinder  head;  in  engines  having  a  two-stroke  cycle 
the  exhaust  valves,  and  in  some  engines  the  scavenging  valves  also, 
are  placed  in  the  cyUnder  and  the  other  valves  in  the  head. 

The  cylinder  head  of  vertical  engines  (%.  16)  is  a  cyhndrical  water- 
jacketed  body,  with  flat  bottom  and  top,  and  is  secured  to  the  cylin- 
der frame  with  liberally  proportioned  stud  bolts.  Openings  for  the 
different  valve  cag^  in  the  top  of  the  head  are  grouped  symmetrically 
whenever  feasible;  the  fuel-injection  valve  is  usually  in  the  center. 
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and  the  air  and  exhaust  valves  on  each  side,  in  the  same  cross-oeotionsl 
plane  and  in  line  with  the  axis  of  the  engine.    The  opening  for  the 
starting  valve  is  usually  placed  in  front  of  the  central  opening,  in  the 
same  plane,  and  at  right  angles  to  the  plane  through  the  other  thne 
valve  openings.     When  the  available  head  area  is  too  small  i.o  permit 
the  fuel-injection,  air,  and  exhaust  valves  to  be  placed  in  the  same 
plane,  the  fuel  valve  ia  placed  sUghtly  forward,  permitting  the  other 
valves  to  be  placed  closer  together,  so  as  to  allow  the  required  area. 
A  fiat,  smooth,  bottom  surface  in  a  head  results  in  a  simple  com- 
bustion chamber  not  split  up  with  ribs  and  pockets.     Such  a  surface 
is  a  great  aid  in  reducing  the  clearance  space  to  the  required  minimum 
and  affects  favorably  the  combustion  of  the  fuel.     Such  heads  can 
be  easily  designed  for  verti- 
cal en^ee,  permitting  the 
use  of  vertical  valve  stems, 
which  insure  positive  and 
easy  seating. 

The  advantages  of  a  flat 
head  are  considered  suffi- 
cient by  some  manufacturers 
of  horizontal  engines  to  out- 
weigh the  advantages  of 
vertically  seating  valves. 
Others  attach  more  impor- 
tance to  vertical  valves  and 
Fioinui  i8.-cyiinaerh(Bdonmie»ii>i«ed«>gine.  •.open-   followgos-engine  practice  in 

tog  loc  oige  tor  nir-admlulDn  valve:  fc.  opmlng  to  oagx  ^y^^  construction  and  ODerO- 

Coroihaiut  valve;  t,o[wnin|!torfi»U-alvs;  d,op«iiiiiglDr  _                                                      r 

ltutlngv»lTFM',bdnf!lnriklr-|)ippainni«tlan:/,belnitlDr  tion    of   the   ValVeS   aUd   Ine 

•dwut-plpe  connKliDO;  #,  tMBt  tor  wat«r.pt|»  oonneo-  _yli„der       heod.       The       air 
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valve  IS  placed  in  the  top  of 
the  head  and  the  exhaust  valve  in  the  bottom,  the  fuel  valve  being 
in  front,  in  the  center. 

The  starting  vnlvo  is  then  placed  cither  in  the  front  of  the  head  or 
on  the  side  halfway  between  the  air  and  the  exhaust  valves.  The 
use  of  a  gas-engine  head  provides  a  larger  water  space;  however, 
this  ia  much  constricted  by  the  numerous  walls  surrounding  the 
valve  openings  if  the  valves  are  all  placed  in  the  top  or  end  of  the 
head.  Efficient  cooling  of  the  head  is  then  rendered  more  difficult. 
Hence,  it  is  advisable,  if  a  supply  of  pure  water  is  not  available, 
to  use  distilled  water  for  cooling  the  cylinder  head  and  the  cyUnder, 
and  to  recool  the  water  for  reuse;  otherwise  trouble  may  be  experi- 
enced from  precipitation  of  Ume  and  magnesia  salts  allowing  the 
head  to  become  overheated  and  causing  it  to  crack. 

The  placing,  iarm,  and  direction  given  to  the  air  and  the  gas  pBs- 
sages  differ  in  accordance  with  the  space  avwlable  and  the  design 
adopted  for  the  air-intake  and  the  gas-exhaust  pipes. 
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The  heads  of  two-stroke  engines  have  generally  the  same  CylindricBl 
form  as  those  of  four-etroke  engines,  but  in  the  former  there  are  no 
openings  for  the  exhaust  valves,  which  are  placed  in  the  lower  part 
of  the  cylinder. 

•The  scavenging  valves  are  placed  in  the  head,  and  as  the  volume 
of  air  required  for  a  pven  cylinder  volume  is  1.2  to  1.4  times  greater 


than  for  engines  having  a  four-stroke  cycle,  and  as  the  time  avail- 
able for  the  scavenging  and  the  refilling  of  the  cylinder  with  fresh 
air  is  short,  large  valves  are  needed.  The  area  of  the  head  sets 
definite  limits  for  the  size  and  placing  of  these  valves.  To  faciUtate 
their  simultaneous  opening  and  simplify  the  valve  gearing,  the 
valvea  are  grouped  in  pairs,  and  four  valves  are  symmetrically 


34  THE  DIBSBL  ENGINE. 

distributed  over  the  top  of  the  head  (fig.  17).  The  fuel  and  tliB 
starting  valves  are  placed  as  in  engines  having  a  foor-stroke  cycle. 
The  placing  of  so  many  valvee  in  the  cylinder  head  greatly  restricte 
the  water  space  and  renders  cooling  more  difficult;  the  valve  area 
is  also  limited  by  the  head  area,  and  high  air  velocities  and  corre- 
spondingly  high    scavei^ng    air    pressures    are   necessary.     These 
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disadvantagps  are  partly  offset  by  the  effective  scavenging  obtained 
with  valros  opening  into  the  top  of  the  cylinder.  A  more  reo«nt 
engine  construction  simpliiiM  the  cylinder  head  by  placing  the 
exhaust  ports  as  well  as  the  ports  for  the  scavenging  air  in  the  nuddle 
of  the  cylinder  (fig.  18).  Two  tiers  of  scavenging  ports  are  pro- 
vided, of  wliich  the  lower  one  is  uncovered  by  the  piston,  whereas 
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the  upper  is  controlled  by  a  valve  actuated  by  the  cam  shaft.  The 
lower  tier  of  ports  is  opposite  the  exhaust  ports,  and  in  direct  com- 
munication  with  the  air  receiver  when  uncovered  by  the  piston. 
After  the  piston  has  traveled  past  the  exhaust  ports  and  the  lower 
row  of  scavenging  ports  and  closed  these,  the  upper  row  of  air  ports 
is  still  uncovered,  and  air  can  be  forced  into  the  cylinder,  increasing 
the  specific  output  of  the  engine.  The  valves  controlling  the  upper 
tier  of  ports  are  in  a  region  of  low  pressure,  and  therefore  low  tempera- 
ture. During  the  periods  of  compression  and  high  temperature 
these  valves  are  covered  by  the  piston,  whereas  with  the  scavenging 
valves  in  the  head  there  is  a  certain  amount  of  danger  of  leaking 
valves  letting  fuel  vapors  or  gases  enter  the  scavenging  air  receiver 
and  cause  explosions.  The  valves  closing  the  upper  tier  of  air  ports 
prevent  the  entrance  of  exhaust  gases  into  the  scavenging  air  re- 
ceiver before  the  pressure  of  the  exhaust  gases  is  reduced  to  atmos- 
pheric pressure  with  the  imcovering  of  the  exhaust  ports  by  the 
piston*  The  absence  of  scavenging  valves  in  the  cylinder  head 
simplifies  its  form  greatly,  as  all  surfaces  can  be  equally  and  thor- 
oughly cooled;  and  with  the  elimination  of  internal  ribs  between 
the  valve  seats,  stresses  due  to  unequal  expansion  are  avoided. 
Only  the  fuel-injection,  starting,  and  relief  (safety)  valves  are  in 
the  cylinder  head. 

AIB  INLET  AND  EXHAUST  VALVES. 

Air  inlet  and  exhaust  valves  (fig.  19)  are  usually  housed  in  flanged 
cages  bolted  to  the  cylinder  head.  A  cage  contains  the  valve  seat 
and  the  valve-stem  guide.  The  upper  part  of  the  barrel  is  machined 
and  serves  to  guide  the  carefully  centered  spring  cap.  The  latter 
is  screwed  to  the  valve  stem  and  holds  the  spring  in  place.  The 
valves  are  generally  made  of  cast  iron,  the  stem  being  of  steel.  It  is 
usual  practice  to  provide  valves,  except  those  of  the  smallest  sizes, 
with  removable  valve  seats.  Air  and  exhaust  valves  seldom  differ, 
except  that  for  engines  with  more  than  30  or  36  horsepower  per 
cylinder  the  valve-stem  guide  is  water-cooled.  Four-stroke  engines 
are  seldom  built  in  sizes  requiring  the  water-cooling  of  the  exhaust 
valves,  and  two-stroke  engines  exhaust  through  ports  uncovered  by 
the  piston:  Figure  20  shows  the  customary  valve  construction. 
The  spring  cap  has  a  concave  depression,  into  which  the  jointed  ball 
of  the  actuating  lever  fits. 

In  engines  fitted  with  gas-engine  heads,  the  usual  practice  is  to 
house  only  the  air  valve  (placed  in  the  top  of  the  head)  in  a  cage. 
After  the  air  valve  with  cage  has  been  removed,  the  exhaust-valve 
stem,  disk,  and  seat  are  accessible  through  the  opening  in  the  air- 
valve  cage  and  can  be  removed  through  it.  In  two-cycle  engines 
with  gas-engine  head,  only  the  scavenging  valves  are  in  the  head,  and 
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are  on  its  top  and  bottom,  one  directly  above  the  other.  In  this  type 
the  valves  are  similar  and  are  housed  in  cages.  As  only  fresh  air  is 
admitted  through  them,  and  they  are  not  fouled  by  the  products  of 
combustion,  they  seldom  need  to  be  removed.  To  retain  a  perfect 
seat,  each  valve  disk  is  occasionally  ground  in  its  seat.  The  disk  is 
provided  with  two  holes  for  the  insertion  of  a  special  key,  or  the 
valve  stem  is  slotted  so  that  a  bar  can  be  inserted,  for  turning  the 
valve  disk  back  and  forth;  a  small  amount  of  emery  dust  and  oil  is 
used  in  grinding. 

The  starting  valve  admits  air  imder  high  pressure  (500  to  600 
pounds  per  square  inch)  into  the  engine  cylinder  whenever  the 
engine  is  started.  Hence  the  valve  disk  must  seat  perfectly  to 
prevent  air  leakage  when  the  valve  is  closed.  It  is  usually  con* 
structed  as  a  balauced  valve;  a  part  of  the  valve  stem  is  enlarged  and 
provided  with  packing  rings,  the  air  admitted  pressing  equally  on 
both  sides  of  this  piston.  A  strong  spring  insures  the  tight  seating 
of  the  valve. 

Some  engines  are  equipped  to  start  with  air  at  a  pressure  of  about 
250  pounds  per  square  inch.  The  starting  valve  is  fitted  with  a 
plunger  that  closes  the  valve  as  soon  as  the  cylinder  preesure  exceeds 
that  of  the  air  used  for  starting. 

FUEL  VALVES. 
TWO   FUNCTIONS   OF   FUEL   VALVES. 

Next  to  the  fuel  pump,  the  fuel-injection  valve  is  the  most  impor- 
tant and  characteristic  part  of  a  Diesel  engine,  and  on  its  correct 
construction  greatly  depends  the  satisfactory  operation  of  the 
engine.  It  performs  two  distinct  functions.  First,  it  has  to  admit 
the  liquid  fuel  into  the  engine  cylinder  at  the  proper  time,  and  must 
therefore  be  an  accurately  timed  valve.  Second,  it  has  to  introduce 
the  liquid  fuel  into  the  cylinder  in  a  completely  atomized  form,  and 
must  therefore  be  an  efficient  atomizer. 

The  first  requirement  is  fulfilled  by  storing  around  the  tip  of  the 
fuel  needle  a  drop  of  oil,  which  is  forced  ahead  of  the  injection  air 
into  the  heated  atmosphere  of  the  engine  cylinder  at  regularly  recur- 
ring intervals,  and  thus  initiates  the  ignition.  The  second  require- 
ment is  accomplished  by  dividing  the  fuel  supply  into  numerous 
small  fuel  particles  in  the  fuel  valve,  preceding  atomization  and 
injection. 

ATOMIZATION   OF  FUEL. 

As  has  already  been  explained,  highly  compressed  air  is  used  for 
atomizing  the  fuel  oil;  incidentally  it  serves  the  purpose  of  inject- 
ing the  fuel  oil  into  the  cylinder  during  the  process  of  atomization. 
In  the  atomizing  nozzle  of  the  fuel  valve  a  part  of  the  pressure  of  the 
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injected  air  is  changed  into  velocity,  wliich  reaches  its  maximuin 
at  the  orifice  of  the  nozzle.  Owing  to  the  expansion  of  the  airat 
the  orifice  there  is  a  decided  drop  in  temperature  at  this  point,  where 
the  ignition  of  the  fuel  is  to  be  initiated.  This  localized  lowering  of 
the  temperature  at  the  nozzle  orifice  is  accentuated  during  periods  of 
low  load,  when  the  fuel  supply  is  diminished  proportionately  to  the 
engine  load,  whereas  the  injection  air  supply  remains  constant;  that  is, 
the  same  as  at  full  load,  because  the  fuel-valve  needle  stays  open  dur- 
ing 10  to  15  per  cent  of  the  stroke  of  the  engine,  irrespective  of  the 
load.  The  relation  of  fuel  supply  to  air  supply  is  therefore  changed 
with  a  change  in  load.  It  is  consequently  more  difhcult  to  initiate  the 
ignition  at  partial  than  at  normal  engine  loads.  A  correctly  designed 
fuel  valve  must  be  so  constructed  that  unfailing  fuel  ignition  at  the 
proper  instant  will  take  place  for  every  working  impulse.  Moreover, 
the  atomization  and  injection  of  the  fuel  must  be  gradual  during  the 
entire  period  the  needle  valve  is  open. 

Preheating  of  the  injection  air  to  counteract  a  cooling  effect  during 
fuel  injection  not  only  constitutes  an  element  of  danger  owing  to 
possible  fuel  ignition  in  the  fuel  valve,  but  results  in  an  imeven,  knock- 
ing operation  of  the  engine  as  a  result  of  explosion*like  ignition  of 
the  fuel. 

COlfMON   TYPE   OP  ATOMIZER. 

The  elements  of  a  common  type  of  atomizer  are  shown  in  figure  21. 
It  comprises  a  fuel  needle  a,  guided  for  a  great  part  of  its  length  in 
a  cylindrical  barrel  b.  The  needle  and  the  guide  are  carried  in  a  flanged 
cage,  which  is  slipped  into  the  central  passage  in  the  cylinder  head 
and  is  bolted  to  the  latter.  The  outer  diameter  of  the  needle  guide  is 
smaller  than  the  internal  diameter  of  the  cylindrical  valve  cage.  The 
annular  space  c  thus  formed  around  the  needle  guide  is  connected 
with  the  injection  air  receiver  and  is  at  all  times  filled  with  compressed 
air.  The  needle  guide  terminates  and  seats  against  a  corrugated  cone 
dy  provided  with  about  20  slots,  each  one-sixteenth  inch  wide. 
The  cone  fits  the  cone-shaped  end  of  the  valve  cage.  Above  the  cone 
are  a  number  of  perforated  plate  rings,  e,  so  placed  that  the  perforations 
of  each  succeeding  ring  are  staggered  with  regard  to  those  in  the  ring 
above.  Each  ring  is  provided  with  18  to  20  apertures  five  sixty- 
fourths  to  three  thirty-seconds  inch  in  diameter.  An  atomizer  tip  is 
screwed  over  the  end  of  the  valve. 

The  needle  valve  is  held  against  its  seat  by  a  powerful  spring,  pro- 
vided with  a  suitable  spring  cap,  a  bonnet,  and  exterior  adjusting 
nuts.  In  the  body  of  the  valve  an  oil  passage  is  drilled  to  deliver  the 
fuel  on  top  of  the  perforated  rings.  In  other  types,  to  avoid  the  cost 
of  drilling  these  long,  small  passages,  two  concentric  spaces  are  used— 
the  inner  for  air,  the  outer  for  fuel — formed  by  inserting  a  cylinder  over 
the  needle  guide,  thus  dividing  the  annular  space  around  the  guide 
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into  two  oompartmente.  Holes  in  the  bottom  of  this  cylinder  permit 
the  fuel  to  enter  the  inner  air  space  and  to  be  distributed  over  the 
perforated  plates.  The  measured  quantity  of  fuel  oil  proportioned 
to  the  engine  load  is  deposited  by  the  fuel  pump  in  the  fuel-valve 
chamber  before  the  valve  needle  is  opened. 

The  fuel  oil  is  broken  into  innumerable  small  globules  and  runs 
from  plate  to  plate  and  down  into  the  grooves  of  the  cone,  and  is  dis- 
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tributed  over  and  covers  the  surfaces  of  the  plates  and  grooves,  and 
a  small  quantity  collects  around  the  root  of  the  fuel-needle  point. 
When  the  needle  valve  is  opened,  the  injection  air  sweeps  this  part 
of  the  fuel  before  it,  propagating  the  ignition.  The  air  attains  lis 
greatest  velocity  when  issuing  through  the  nozzle.  The  sluggish, 
viscous  oil  particles,  being  in  a  quiescent  state,  resist  this  sudden 
acceleration  with  their  inherent  inertia  and  move  relatively  much 
more  slowly  than  the  air.    The  rapidly  moving  air  currents  tear  these 


40  THE  DIESEL  ENGINE. 

partiGles  to  pieces,  and  when  the  air  currents  have  attained  their 
highest  velocity  at  the  atomizer  orifice  they  nebulize  the  fuel.  A 
small  proportion  of  the  fuel  still  remains  behind  and  flows  down  to 
the  top  of  the  seat  of  the  fuel-valve  needle  to  initiate  the  ignition  of 
the  next  fuel  charge. 

ADJUSTMENT  OF  PBESSUBE   OF    INJECTION   AIB. 

Fuel  valves  of  this  type  require  a  change  of  pressure  of  the  injec- 
tion air  with  a  variation  in  load;  that  is,  the  pressure  must  lessen  as 
the  load  of  the  engine  is  decreased  if  perfect  combustion  with  color- 
less exhaust  and  smooth  running  of  the  engine,  is  to  be  obtained. 
The  pressure  may  vary  from  40  to  70  atmospheres,  depending  on  the 
engine  load  and  the  nature  of  the  fuel. 

If  the  pressure  and  quantity  of  injection  air  were  not  redue^ 
during  periods  of  low  load  when  the  fuel  quantity  is  much  less,  the 
air  would  sweep  through  the  perforated  rings  and  the  cone  and  dean 
them  of  all  fuel,  leaving  none  to  accumulate  aroimd  the  fuel  needle 
point.  When  the  needle  was  opened  the  next  time,  the  ignition  might 
either  fail  completely  or  be  delayed  and  cause  a  series  of  rapid,  dull 
explosions.  If  the  engine  misses  ignition,  it  will  slow  down,  and  the 
fuel  pump  will  deliver  an  increased  quantity  of  fuel  oil,  which  will  be 
ignited  regardless  of  the  high  injection  air  pressure,  but  such  speed 
variations  and  engine  operation  should  be  avoided. 

ADJUSTMENT  BY  HAND. 

A  common  way  to  vary  the  pressure  of  the  injection  air  is  bv 
throttling  down  the  air  taken  into  the  air  compressor  and  adjusting 
it  to  the  varying  loads  of  the  engine.  This  throttling  must  be  done 
by  the  engine  operator.  The  air  pressure  also  has  to  be  adjusted  to 
the  properties  of  the  fuel  oil,  some  oils  requiring  a  higher  injection  air 
pressure  than  others. 

In  other  engines  provision  is  made  for  changing  the  height  to 
which  the  valve  needle  is  lifted.  A  lever  is  actuated  to  lift  or  to 
lower  the  fuel  needle,  and  this  lever  is  f ulcrumed  on  a  pin  the  journals 
of  which  are  eccentric  to  the  lever  bearings,  so  that  by  rotating  this 
pin  to  various  positions,  the  length  of  opening  of  the  fuel  needle  may 
be  adjusted  to  the  engine  load.  A  small  hand  lever  is  keyed  to  one 
end  of  the  pin  and  is  provided  with  a  '^cUck^'  to  hold  the  lever  as  set, 

AUTOMATIC   ADJUSTING   DEVICES. 

Such  hand  adjustments  of  the  injection  air  pressure  present  no 
particular  difficulty  in  small  engines,  but  in  large  engines,  especiallr 
those  working  with  rapidly  fluctuating  loads,  it  is  obviously  impossible 
for  the  operator  to  adjust  the  air  pressure  quickly  enough  to  meet  the 
constantly  changing  requirements  of  the  engine.     The  work  of  the  air 
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compressor  consumee  10  per  cent  tmd  more  of  the  power  output  of 
the  eiigino.     In  large  engines  it  is  therefore  desirable  to  proportiou 
the  Tolume  of  injection  air  to  the  engine  load.     This  is  accomplished 
by  a  patented  design  in  which  the  engine  governor  influences  not 
only  the  volume  of  the  fuel  supply,  but  also  the  volume  of  the  injection 
air;  the  governor  likewise  affecte  the  length  of  time  during  which  the 
fuel  valve  is  open,  the  period  vary- 
ing in  proportion  to  the  load  on  die 
engine.    The  governing  devices  are 
illustrated  in  figure  22.     la  the  fig- 
ure, a  is  a  throttling  valve  actuated 
by  the  engine  governor  i,  propor- 
tioning the  amountof  air  taken  into 
the  scavenging  pump  c  to  the  en- 
gine load,  a  part  of  the  fur  from 
which  is  compressed  further  in  the 
compressor  d,  which  furnishes  the 
injection  air.     The  pressure  and  the 
quantity  of  the  injection  air  are  thus 
controlled  by  the  engine  governor. 
SimUarly,  the  varying  air  pressure 
influences  the  travel  of  the  piston 
in  the  servo-motor  e,  which,  acting 
through  auxiliary  levers  and  rollers, 
varies  their  position  relative  to  the 
cam.     The  travel  of  the  lever  actu- 
ating the  needle  valve  is  thereby 
varied  and  the  length  of  time  for 
which  the  needle  valve  is  open  is 
controlled. 

Asimilararrangementcanbeused    ^      .„   „ .  ,^.^  .,„    .  _,    *_,„    , 
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cycle,  the  volume  of  air  going  to     '•  ""^wf^B  p"°p;  <*<  ™inp««or; .,  aan- 
the  injection  air  compresaor  being 

throttled  by  the  governor,  and  the  servo-motor  being  operated  with 
air  from  the  first  stage  of  the  compressor. 

METHODS  OF  FUEL  INJECTION. 


To  insure  an  unfailing  correctly  timed  ignition  of  the  fuel  charge, 
Hesselmann,  of  the  Swedish  Diesel  Engine  Co.  (Akticbolaget  Diesel's 
Motorer),  developed  the  fuel  injector  shown  in  figure  23 .  In  this  valve 
the  fuel  is  admitted  close  to  the  end  of  the  fuel  needle.  For  this 
purpose  the  valve  has  two  annular  air  spaces,  connected  with  air 
passages  at  the  top.  The  fuel  is  deposited  in  the  bottom  of  the 
14574=— 18 i 
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outer  space  and  under  the  influence  of  the  full  injection  air  pr«rar 
is  forced  through  a  number  of  smaD  passages,  from  the  orific«s  <i 
which  it  is  swept  off  by  the  passing  air  currents  in  the  iimer  space,  k 
soon  as  the  rolve  needle  is  opened.  The  fuel  is  in  this  manner  tiwi- 
oughly  nebulized,  and  a  small  quantity  left  behind  acctunulate 
around  the  root  of  the  needle  point  to  initiate  the  ignition  of  the 
succeeding  fuel  charge  with  the  opening  of  the  needle. 

NBBDLE   TALTE8   WITH   ANNDIAB  ITTBL  PASaAaSB. 

In  other  forms  of  fuel  valveB,  the  same  object  is  obtained  by  the 
use  of  amiular  fuel  passages  around  the  conical  needle-vaire  seat,  the 
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00  in  which  is  under  the  influence  of  the  injection  air  preesmv. 
When  the  fuel  valve  is  opened,  part  of  the  pressure  is  changed  into 
velocity;  the  resulting  diiferential  in  pressure  between  the  injection 
air  that  presses  on  the  fuel  and  that  which  travels  through  the  nozzle 
forces  the  fuel  out  of  the  annular  passages  through  radial  openings 
into  the  air  stream,  by  which  it  is  picked  up  and  atomized.  A  snuO 
quantity  of  oil  left  around  the  needle  point  on  the  closing  of  tltfl 
valve  is  used  for  igniting  the  next  charge. 

Fuel  valvce  of  this  type  permit  considerable  load  fluctuations  with- 
out necessitating  appreciable  change  in  the  injection  air  pressure. 
They  do  not,  of  course,  eifect  a  reduction  in  the  quantity  of  air  used 
for  injecting  the  fuel,  which  would  be  practically  constant  at  all  loads 
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unless  controlled  by  one  of  the  methods  previously  described.  In 
laTge  engines,  the  saving  of  power  effected  by  supplying  only  the 
required  volume  of  injection  air  is  important;  although  it  necessitates 
adjustment  to  produce  the  most  perfect  ignition  and  combustion  of 
the  fuel.  This  consideration  led  to  the  automatic  mechanical  control 
of  the  injection  air  supply  for  large  engines  (fig.  22). 

In  the  use  of  the  fuel  valves  described,  the  fuel  has  to  be  pumped 
into  the  fuel  chamber  against  the  injection  air  pressure,  which 
may  vary  from  40  to  70  atmospheres,  the  higher  pressure  corre- 
sponding to  full  load,  so  that  the  fuel  pump  must  always  work 
at  a  pressure  appreciably  higher  than  the  injection  air  pressure.  Such 
valves  are  also  known  as  dosed-nozzle  valves,  because  the  nozzle  must 
be  kept  closed  with  the  needle,  except  during  the  extremely  short 
period  of  fuel  atomization. 

USE   OF  OPEN-NOZZLE  FUEL  VALVE. 

Another  type  of  fuel  valve,  known  as  the  open-nozzle  type  (also 
called  the  Lietzenmayer  system,  after  its  designer),  uses  an  open  fuel 
nozzle,  as  its  name  indicates.  In  fuel  valves  of  this  construction  the 
fuel  does  not  work  against  the  high  injection  air  pressure,  but  is 
subject  merely  to  the  small  pipe  resistance  and  low  lift  necessary  to 
deposit  the  measured  amount  of  fuel  in  a  recess  of  the  fuel-valve 
chamber  in  front  of  the  open  nozzle;  this  is  usually  done  during  the 
suction  stroke  of  the  engine,  when  there  is  the  least  resistance  (pres- 
sure) in  the  valve  chamber.  When  the  time  for  the  injection  of  the 
fuel  arrives,  a  valve,  similar  to  the  needle  valve  above  described,  is 
opened,  admitting  the  injection  air  into  the  fuel  chamber;  the  air,  in 
passing  over  previously  deposited  fuel,  impinges  on  it,  picks  it  up, 
and,  forcing  it  into  the  atomizer,  nebulizes  it.  A  valve  of  this  type  is 
shown  in  figure  24. 

EQT7IFHBNT  OB  HBTHODS  PEBMITTING  USE  OF  COAL  TAB  AND 

COAL-TAB  OILS. 

All  of  the  valves  mentioned  work  well  with  fuels  that  are  easily 
ignited.  Certain  liquid  fuels,  such  as  coal  tars  and  coal-tar  oils, 
are  ignited  with  difiiculty,  and  when  the  engine  is  cold  (before  it 
is  started)  or  at  low  load  ignition  f  aUs  entirely.  The  size  of  the  engine 
cylinder,  as  well  as  the  speed  of  the  engine,  have  considerable  influ- 
ence on  the  success  of  the  ignition.  Small  cylinders  radiate  the  heat 
relatively  faster  than  large  cylinders,  the  ratio  of  the  area  of  cyhnder 
walls  and  head  to  the  volume  of  the  combustion  space  being  greater 
than  in  la^e  engines.  Consequently  the  combustion  space  of  small 
engines  is  cooled  faster  than  that  of  large  engines,  especially  during 
periods  of  low  load.  High  engine  speed  shortens  the  time  available  for 
ignition  and  burning  of  the  fuel,  which  in  some  engines  must  be 
done  in  less  than  one  one-hundredth  of  a  second. 
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STARTING   ENGINE    WITH    GAS  OIL. 

To  permit  the  burning  in  Diesel  engines  of  coal-tar  oik  (a  by- 
product of  coking  and  gas-works  operations  and  a  distillate  of  cok! 
tar),  two  methods  have  been  used.  One  is  to  start  the  en^ne  with 
gas  oil  and  after  it  has  become  hot  change  to  tar  oil.    The  govemcir 


and  the  fuel  pump  are  so  designed  that  with  a  lowering  of  the  load 
the  fuel  is  changed  to  gas  oil  and  vice  versa.  This  method  has  lie 
disadvantage  of  causing  an  unnecessarily  lai^  quantity  of  gas  oil  to 
be  consumed  if  the  engine  works  a  lai^e  part  of  iho  time  at  fractional 
loads. 
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USE   OF  SEPARATE   FUEL   PUMPS. 

In  another  system  separate  fuel  pumps  are  used  for  the  gas  oil 
(also  referred  to  as  ignition  oil,  because  it  initiates  the  ignition)  and 
the  coal  tar  or  tar  oil.  The  two  oils  are  stored  separately  in  the 
fuel  valve,  the  ignition  oil  being  so  placed  aroimd  the  edge  of  the 
end  of  the  valve  needle  that  it  will  always  enter  the  combustion 
space  first,  and  thus  initiate  the  ignition.  The  fuel  is  injected 
with  compressed  air  as  in  the  other  valves  previously  described. 
The  proportion  of  gas  oil  to  tar  oil  used  varies  with  the  load. 
At  no  load  the  gas  oil  amounts  to  as  much  as  20  per  cent  of 
the  tar  oil;  at  quarter  load  it  drops  to  15  per  cent,  at  half  load 
to  less  than  10  per  cent,  at  three-quarters  load  to  4  per  cent, 
and  at  full  load  and  at  overload  to  about  3  per  cent.  Dur- 
ing average  operating  conditions  the  consumption  of  gas  oil 
seldom  exceeds  10  per  cent,  and  is  usually 
7  per  cent.  The  combined  fuel  consump- 
tion, on  a  basis  of  heating  value,  is  nearly 
the  same  as  if  only  gas  oil  were  used.  Both 
pumps  are,  of  course,  imder  the  influence 
of  the  engine  governor.  The  nicety  and 
sensitiveness  of  this  highly  successful  proc- 
ess may  be  realized  from  the  fact  that  the 
volume  of  gas  oil  injected  ahead  of  the  tar 
oil  is  exceedingly  small.  Thus  for  a  50- 
horsepower  cylinder  the  total  volume  of 
fuel  oil  injected  for  one  power  stroke  at  full 
load  is  only  2  c.  c,  or  a  cube  of  the  size 
shown  in  figure  25.  The  part  of  the  cube  corresponding  to  the 
volume  of  gas  oil  used  during  usual  load  conditions  (80  fuel  chaises 
producing  160  revolutions  per  minute)  represents  only  0.06  to  0.2  c.  c. 

If  the  fuel  oils,  tar,  or  tar  oils  are  highly  viscous  and  do  not  flow  readily 
to  the  fuel  pump  and  to  the  fuel  valve  and  resist  atomization,  gas  oil  is 
used  to  start  the  engine  and  run  it  until  hot,  and  the  hot  discharge  water 
from  the  engine  jacket  is  used  to  heat  the  viscous  oil  to  increase  its  fluid- 
ity. Then  the  gas  oil  is  displaced  by  the  viscous  oil.  This  system 
requires  a  separate  small  tank  for  the  gas  oil,  in  addition  to  the  one  used 
for  the  viscous  fuel  oil,  and  the  pipe  system  must  be  so  arranged  that 
either  fuel  can  be  supplied  to  the  fuel  pump.  When  the  engine  is  to 
be  shut  down,  the  gas  oil  should  be  switched  on  and  the  engine 
operated  on  gas  oil  imtil  all  of  the  viscous  oil  has  been  displaced. 
This  arrangement  works  satisfactorily  except  when  the  operator  for- 
gets to  change  over  to  gas  oil  before  stopping  the  engine  or  in  the 
event  of  an  unforeseen  sudden  shutdown  owing  to  some   engine 


FiQURX  25.->-Proportloiiate  yolames  of 
tftr  oil  and  of  gas  oil  used  in  one  power 
stroke  of  fiO>honepower  cyUnder  at 
UHX  load.  Large  cube  represents 
Tolume  of  tar  oU;  smaU  cube  repre- 
SBDts  volume  of  ignition  (gas)  oU. 
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trouble.  Iliese  contingencies  are  so  rare  that  separate  fuel  pump!! 
and  pipe  sjrstems  for  the  two  kinds  of  fuel  are  seldom  provideii. 
The  method  mentioned  should  he  used  on  all  fuel  oils  the  Tiscoatj 
of  which  at  ordinary  temperature  (20"  C.)  exceeds  3"  En^er. 

BETAEDtNO   INJECTION  AIB  AND  FDEL. 

In  the  cylinders  of  lai^e  engines  the  fuel  needle  can  be  so  governed 
that  the  entrance  of  the  injection  air  and  fuel  into  the  combustion  space 
is  retarded  and  gradual ,  preventing  excessive  use  of  injection  air  coolini; 
of  the  atmosphere  at  the  point  where  the  ignition  must  be  maintained; 
by  these  means  tar  oil  can  be  ignited  without  the  use  of  ignition  oil. 

The  methods  of  using  tar  oils  described  are  of  no  immediate  impor- 
tance Iq  the  United  States,  where  an  abundant  supply  of  petroleum 


products  ^as  oils  and  residues)  is  cheaply  obtunable,  and  coal  tar 
commands  relatively  higher  prices.  In  Europe,  particularly  Ger- 
many, petroleum  residues  and  gas  oils  are  expensive,  and  the  abun- 
dant supply  of  tar  oils  from  by-product  coke  ovens  and  coal-gna 
works  justifies  their  use  by  the  method  outUned.  The  prospects  fur 
the  Diesel  engine  in  this  field  in  America  are  discussed  in  a  subsequent 
chapter  dealing  with  fuels  suitable  for  the  Diesel  engine. 
HBTHODS  OF  KEMOVINO  FUBI.  NBEDI^. 
To  remove  the  fuel  needle  from  the  valve  it  is  necessary  in  some 
constructions  to  remove  the  nut  holding  the  spring  bonnet  and  c^>  in 
place,  as  well  as  the  two  nuts  that  fix  the  position  of  the  rocker  ann 
through  which  the  needle  valve  is  actuated. 
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A  fuel-valve  construction  permitting  easy  and  rapid  removal  of 
the  fuel  needle  or  the  upper  part  of  the  valve  without  having  to 
remove  the  actuating  lever,  is  shown  in  figure  26.  The  rocking  arm 
a  presses  upward  against  a  small  auxiliary  lever  I,  pivoted  on  a  small 
horizontal  joint  c,  to  which  is  secured  another  parallel  lever  d,  which 
is  mounted  in  the  interior  of  the  valve  body  and  transmits  the  lifting 
motion  to  the  valve  needle.  One  end  of  the  small  journal  on  which 
the  two  parallel  levers  are  fulcrumed  is  of  reduced  section  and  is  held 
fixed  by  a  nut,  its  function  being  that  of  a  torsional  spring.  The 
opposite  end  is  closed  by  a  stuffing  box. 

A  construction  that  facilitates  the  removal  of  the  fuel  needle  is  of 
decided  advantage,  as  the  valve  needle  has  to  be  removed  when  it  is 
ground  and  frequent  grinding  is  necessary.  Fuel  needles  have  to  be 
ground  weekly  or  monthly,  depending  on  the  quality  of  the  fuel  oil. 
The  use  of  oils  with  high  ash  content  necessitates  more  frequent 
grinding  of  the  needle.  The  needle  is  turned  back  and  forth  in  its 
seat,  a  small  quantity  of  emeiy  dust  and  oil  being  used.  A  num- 
ber of  constructions  other  than  that  described  accomplish  the  same 
objects  by  different  means. 

Connections  of  the  copper  or  seamless-steel  tubing  used  for  carrying 
the  air  and  fuel  under  high  pressure  are  made  by  joining  the  ends 
of  the  pipes  to  a  copper  shank  terminating  in  a  cone  which  fits  into  a 
tapered  seat  machined  out  of  the  valve  body.  A  steel  gland  nut 
slipped  over  the  copper  shank  is  pressed  against  the  cone  to  seal  the 
seated  connection. 

To  seal  the  air  chamber  of  the  fuel  valve  and  prevent  leakage  of 
air  aio\md  the  valve  needle,  lead  or  Babbitt-metal  shavings  mixed 
with  flaked  graphite  are  used  as  packing  material,  secured  by  appro- 
priate glands.  A  series  of  labyrinth  grooves  on  the  valve  needle 
constitutes  an  added  precaution  against  serious  leaks. 

MBTHODS  OF  AOTUATINa  VALVES. 

The  time  of  opening  and  closing  of  the  different  valves  of  Diesel 
engines  must  be  accurately  controlled;  they  are  therefore  not  self- 
acting  but  are  operated  mechanically. 

SYSTEM  OF  BOOKING  LEVERS  AND  CAMS. 

The  usual  method  of  actuating  the  valves  of  vertical  engines  is 
through  a  system  of  rocking  levers  and  cams;  the  latter  are  mounted 
on  a  horizontal  shaft  near  the  top  of  the  cylinders.  The  cam  shaft 
is  driven  through  a  set  of  helical  gears,  running  in  oil,  by  a  vertical 
shaft,  which  in  turn  is  driven  through  another  set  of  helical  gears  from 
the  engine  shaft.  The  vertical  shaft  has  the  same  speed  as  the  main 
shaft ;  the  cam  shaft  runs  at  half  the  speed  of  the  main  shaft  in  engines 
having  a  four-stroke  cycle  and  at  the  same  speed  as  the  main  shaft 
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in  engines  hftving  a  two-stroke  cycle.  The  governor,  tisuaDy  of  the 
through-chaft  type,  is  moimted  on  the  vertical  shaft,  as  this  has  tlie 
higher  speed.  This  arrangemoit  permits  the  iise  of  a  smaller  gov- 
emor  of  the  standard  type.  Governors  for  horizontal  «igines  are 
driven  from  the  lay  shaft,  which  also  operates  the  valve  gear.  This 
shaft  runs  at  half  tJie  speed  of  the  engine  shaft  in  engines  having  a 
four^boke  cycle.  The  governor  is  tJierefore  speeded  up  througli  a 
set  of  spur  gears,  so  that  a  smaller  size  can  be  used. 

The  usual  method  of  actuating  the  valve  gears  of  four-etroke  engines 
is  shown  in  figure  27.  In  the  figure,  a„  5„  «,,  and  d,  represent  the 
cams  through  which  the  corresponding  rocking  levers  a,  5,  c,  and  d, 
fulcnuned  on  the  short  shaft  g,  are  operated.  Lever  a  governs  the 
air-intake  valve,  b  the  fueJ  valve,  c  the  starting  valve,  and  d  the 
exhaust  valve. 

Levers  a  and  d  are  operated  with  shaft  jr  as  a  fulcrum,  with  an  un- 
chai^jng  center,  levers  h  and  c  are  carried  on  an  ecceatric  hushing 
movable  around  shaft  g.    Contact  be- 
tween cams  and  levers  is  made  through 
rollers,  which  for  the  air,  starting,  and 
exhaust  valves  are  on  the  front,  and  for 
the  fuel  valve  on  the  back  of  the  cam 
shaft  e.    The  arms  a,  c,  and  d  thus 
move  downward  and  force  open  the 
corresponding  valves,  whereas  arm  b 
has  a  reverseHd  motion  to  lift  the  needle 
valve.    The  extent  and  the  duration 
of  the  valve  lifts  are  determined  by  the 
I  actuititig    degree  of  eccentricity  and  the  length 
'— '—  •tir-    p£  ^p,  ^f  j.j^g  ^.gjjj  ppofig^  allowance  be- 
ingmadewithasmall clearance  between 
the  rollers  and  the  cams  during  the  time  the  valves  are  seated  (closed). 
Direction  of  motJon  of  the  different  levers  is  indicated  in  figure  27  by 
arrows. 

By  mounting  the  rocking  arms  b  and  c  on  an  eccentric  bushing 
movable  around  the  shaft  <?,  the  following  movements  are  made  pos- 
sible (fig.  28) : 

1.  The  engine  is  at  rest,  with  hand  lever  o  halfway  between  the 
vertical  and  the  horizontal  position;  rocking  arm  e,  actuating  the 
starting  valve  and  rocking  arm  e,  actuating  the  fuel  valve,  are  re- 
moved from  contact  with  the  cam.  The  starting  and  fuel  valves  are 
thus  both  disengaged.     (C,  fig.  2S.) 

2.  Handle  o  is  turned  to  a  horizontal  position  (A,  fig.  28),  brining 
roller  e  in  contact  with  the  cam  and  engaging  the  starting  v^ye, 
rolier  c  being  still  further  removed  and  keeping  the  fuel  valve  disen- 
gaged. Opening  the.valveof  the  air  receiver  will  admit  air  throu^ 
ttie  starting  valve  and  start  the  engine. 
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3.  When  the  engine  speed  required  to  produce  the  necessary  com- 
pression for  ignition  is  obtained,  lever  o  is  turned  to  the  vertical 
position  (B,  fig.  28).  Roller  c  is  brought  into  contact  with  the 
cam  and  the  fuel  valve  is  engaged,  the  roller  e  (starting  valve) 
being  disengaged  the  same  instant.  This  is  the  running  position.  To 
stop  the  engine,  the  lever  o  is  moved  into  position  shown  in  C; 
figure  28. 

Before  these  movements  are  started  it  is  of  course  necessary  to 
have  at  least  one  piston  past  its  top  center.  Hence  the  engines 
are  provided  with  a  barring  mechanism  for  turn- 
ing the  cranks  into  starting  position.  It  is  also 
necessary  to  pump  by  hand  or  by  other  means  to 
force  a  small  quantity  of  fuel  oil  into  the  pipes 
leading  to  the  fuel  valves,  so  that  the  engine  will 
fire  quickly. 

When  the  air  receivers  are  placed  on  the  engine- 
room  floor  separate  from  the  engine,  the  operator, 
if  only  one  is  present,  will  have  to  motmt  the 
engine  platform  for  making  the  different  valve 
shif  tSy  as  well  as  step  down  to  open  or  close  the 
valve  of  the  air  receiver.  * 

To  make  possible  the  performance  of  this  work 
from  the  engine-room  floor,  including  the  simulta- 
neous engaging  or  disengaging  of  all  of  the  start- 
ing valves  or  fuel  valves,  a  system  of  auxiliary 
cams  is  used,  controlled  centrally  from  the  engine- 
room  floor.  This  system  also  permits  holding  the 
exhaust  valves  open  during  a  part  of  the  com- 
pression stroke  to  save  compressed  air  in  starting. 
By  shifting  the  auxiliary  cams  out  of  action  the 
r^ular  cams  come  into  play  when  the  engine  is 
running  on  fuel. 

In  another  construction  the  air  receivers  for  the  air  used  in  starting 
and  injecting  the  fuel  are  attached  to  the  front  of  the  engine,  being 
mounted  sufficiently  high  so  that  the  air-receiver  valves  can  be 
operated  and  all  other  movements  directed  from  the  engine  plat- 
form. With  this  arrangement  the  accessibility  of  some  parts  of  the 
engine  suffers  somewhat. 

AIR-OPERATED   PISTON   VALVES. 

In  another  construction  mechanically  operated  starting  valves 
are  eliminated,  independent  air-operated  piston  valves  being  sub- 
stituted. These  receive  the  starting  air  through  a  rotary  distributor 
operated  by  the  cam  shaft.     The  rotary  distributor  can  be  con- 


FiQUHB  2&— Movements 
possible  by  special 
mounttng  of  rocking 
anns. 
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nected  or  disconnected  when  the  engine  is  running  or  is  at  rest,  lie 
fuel  valves  likewise  are  thrown  in  by  a  central  control.  This  con- 
structiou  eliminates  the  cam  and  the  fulcmmed  lever  for  each  atarV 
ing  valve  used  with  the  other  types. 

As  a  rule  only  one  or  two  cylinders  of  a  multicylinder  engine  are 
provided  with  starting  valves,  thus  reducing  the  cost  of  the  engine. 
In  some  engines  automatic  means  are  provided  for  keeping  the 
exhaust  valve  open  during  starting,  compression  being  avoided 
until  the  engine  is  well  up  to  or  past  its  normal  speed  to  save  com- 
pressed air  in  starting.  Some  horizontal  engines  have  a  blov-off 
cock  in  the  end  of  the  cylinder,  which  is  kept  open  for  a  time  in 
starting;  this  is  also  used  to  blow  off  accumulations  of  dirty  and 
spent  cylinder  oil. 

DETAILS  OF  ViLl,VB.ACTtTATINa  DBVICES. 

The  rocking-arm  levers  and  the  shaft  on  which  they  oedllate 
are  carried  by  individual  column  stands  mounted  on  each  cylinder 
head.  The  details  of  such  a  stand 
are  shown  in  figure  29.  The  shaft 
(corresponding  to  shaft  j7,infig.27), 
is  fixed  in  its  position  with  stud 
bolts.  The  rocking  arms  move  rap- 
idly and  have  to  resist  considerable 
bending  moments;  they  should  be 
both  light  and  strong.  They  must 
also  retain  their  or^nal  shapie  uid 
not  be  subject  to  deformation  under 
stress,  so  as  to  insure  the  accuracy 
of  the  valve  motion.  They  are 
therefore  made  of  a  good  quahty  of 
cast  steel.  The  rollers  are  of  hard- 
ened steel.  The  fulcrum  bearmg  is 
a  bronze  bushing  set  in  the  rocker 
arm;  a  ball-and-eocket  joint  insure 
an  articulated  contact  betwerai  the 
lever  and  the  valve-spring  cape. 

The  cams  are  of  cast  steel.  They 
are  keyed  to  the  cam  shaft,  but 
are  usually  not  set  definitely  until  the  en^ne  has  been  tested.  'T\ie 
elements  of  a  gear  for  operating  an  air  or  an  exhaust  valve  are  shovn 
in  figure  30. 

The  cam  actuating  the  fuel  valve  must  time  the  opening  ot  tbe 
valve  correctly  and  control  the  length  of  time  the  valve  is  open; 
it  must  therefore  be  carefully  set  to  insure  the  best  operating  per- 
formance of  the  engine.     The  eccentric  is  a  separate  steel  inset,  ae- 
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cured  to  the  cam  wheel  with  screws.    Slotted  holes  permit  the  shift- 
ing of   the  eccentric    whea   its    correct   position   has    been  sacer- 
tained  from  indicator  dia- 
grams;   it  ia  then  locked 
by  small  end  shims  (fig. 
31). 

As  the  exhaust  vatves 
soon  become  fouled  with 
carbon,   they  have  to  be 
ground   often,   and    it  is 
desirable    that    they    be 
readUy    removable    with- 
out disturbing  the  valve- 
lever  operating  gear  and 
the  fulcrum  shaft.    This 
requirement    ia    met   by 
the  construction  shown  in 
Plate  1,  B  (p.  20).     The 
lever  arm  that  engages  the  valve  is  spUt  and  the  two  parts  are  joined 
with  two  dowel  pins  and  held  together  by  a  bolt.    By  removing  the 
bolt  and  a  part  of   the  lever   arm,  the  entire  valve  cage  can  be 
removed  without  disturbing  the  rest  of  the  valve  gear.    The  dowel 
pins  insure  the  correct  realignment 
of   the  lever  arm.     To  remove   the 
fuel    needle,   its    rocking  arm  need 
not  be  dismounted  by  usii^  a  con- 
struction   such    as    shown    in    fig- 
ure 26  (p.  46). 

To  avoid  long  shutdowns  of  the 
engine,  a  spare  exhaust  valve  with 
cage  is  kept  on  hand,  which  is 
shpped  into  the  place  of  the  one  re- 
moved. The  frequency  with  which 
exhaust  valves  have  to  be  removed 
depends  greatly  on  the  nature  of  the 
fuel  burned;  fuels  with  high  ash  and 
coke  content  will  foul  the  exhaust 
valves  more  rapidly.  Although  en- 
gines can  be  operated  continuously 
for  several  weeks,  the  usual  practice 
is  to  stop  an  engine  for  about  an 
hour  weekly,  and  remove  the  exhaust 
valve  and  fuel  needle  of  one  cylinder. 
The  valves  and  needles  of  the  other  cylinders  are  removed  in  rota- 
tion, each  week.  The  valves  are  removed  r^ardloss  of  their  condi- 
tion merely  to  keep  the  engine  at  its  highest  efficiency. 
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Another  construction  permitting  easy  removal  of  valve  and  needle 
ia  shown  in  Plate  VI;  A.  The  exhaust  and  air  valve  levers  are 
carried  by  overhanging  shaft  ends,  and  can  be  slipped  off  by  removing 
a  cap  bolt  and  washer,  the  washer  being  locked  by  a  small  pin  set 
in  a  hole  in  the  shaft  end.  In  lieu  of  the  two-column  stand  for 
supporting  the  lever  shaft,  a  forked  bracket  is  used,  with  the  rocker 
arm  for  the  fuel  needle  in  the  middle.  The  needle  valve  can  be 
removed  without  disturbing  its  actuating  lever,  through  an  auxiliary 
system  of  levers,  which  reverse  the  lever-lifting  motion.  By  this 
means  the  rocker-arm  roller  for  the  fuel  needle,  in  common  with  the 
other  rocker  arms,  is  engaged  by  the  cam  on  the  front  of  the  cam 
shaft.  The  rocker  arm  for  the  starting  valve  is  eliminated  by  the 
use  of  a  starting  valve  operated  by  air. 

When  the  scavenging  valves  of  two-cycle  engines  are  placed  in 
the  cylinder  head,  the  four  valves  are  operated  in  pairs;  and  each 
yoke  (or  valve  pair)  is  actuated  by  a  system  of  double  rockiog  arms, 
so  fulcrumed  as  to  form  a  parallelogram  which  serves  to  actuate  all 
four  valves  simultaneously  and  to  open  each  valve  an  equal  amount 
(see  fig.  17,  p.  33). 

One  type  of  cam  shaft  is  supported  by  vertical  bracket  bearings, 
bolted  to  facings  on  the  cylinder  frames.  Ring-oiling  cam-shaft 
bearings  are  preferable.  As  the  cam  surfaces  and  rocking-arm 
rollers  in  contact  with  each  other  should  be  well  oiled,  some  builders 
house  the  cam  shaft  for  its  entire  length  and  place  the  cam-shaft 
bearings  in  the  housing.  The  housing  is  carried  by  brackets  cast 
integral  with  the  cylinder  frame  and  with  horizontal  machined 
surfaces.  This  construction  insures  a  rigid  support  for  the  housing 
and  correct  alignment  of  the  cam  shaft.  The  cams  run  in  oil,  and  the 
oil  is  carried  to  the  bearings  by  wipers.  Hinged  covers  allow  the 
inspection  of  cams,  rollers,  and  bearings.  The  covers  when  closed 
prevent  spiUing  and  flying  of  oil.  This  construction  insures  thor- 
ough lubrication  of  aU  rubbing  surfaces,  reduces  to  a  minimum 
friction  in  the  operation  of  the  valve  gear,  and  keeps  the  engine  and 
the  engine  room  clean.  Plate  VII  shows  a  cam-shaft  housing  with 
housing  covers  open. 

Plate  II,  B  (p.  26),  shows  a  method  of  driving  a  vertical  governor 
shaft  on  a  vertical  engine  through  heUcal  gears  from  the  main  shaft 

VALVE-ACTUATING  MEOHANISMS  IN   HOBIZONTAL  ENGINES. 

In  horizontal  engines  the  governor  shaft  is  driven  through  helical 
gears  from  the  engine  main  shaft,  and  is  mounted  horizontally  along 
one  side  of  the  engine  frame.  If  the  valves  are  placed  in  the  end 
of  the  head,  a  placing  corresponding  to  the  top  of  the  head  in  vertical 
engines,  the  cam  shaft  is  mounted  in  brackets  similar  to  those  of 
vertical  engines.  This  shaft  is  driven  through  a  set  of  bevel  geATS 
from  the  governor  shaft. 


A.     CONSTRUCTION  or  FUEL' 


B.    DIESEL  ENGINE  BUILT  eV  ALLIS-CHALMEflS 
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In  horizontal  engines  having  gas-engine  heads  with  the  air  valves 
in  the  top  and  the  exhaust  valves  in  the  bottom  of  the  head,  the 
valve  levers  are  operated  through  eccentrics  from  the  lay  shaft. 
To  accelerate  the  lifting  of  the  valves  and  to  retard  their  seating, 
cams  with  rolling  contacts  are  used.  The  fuel  valve  is  placed  in  the 
center  of  the  head  and  is  operated  through  a  lever  driven  by  an 
eccentric  from  the  lay  shaft,  or  a  separate  short  shaft  is  used  at 
right  angles  to  the  lay  shaft  and  across  the  cylinder  head,  from  which 
the  fuel  valve  is  engaged  by  a  cam. 

The  starting  valve  or  valves  are  operatdd  by  air  and  are  controlled 
by  air-distributing  valves  operated  by  a  cam  on  the  lay  shaft,  with 
which  they  are  brought  in  or  out  of  contact  by  a  hand  lever.  Other 
engines  mount  the  cams  on  an  eccentric  sleeve,  by  th^  shifting  of 
which  the  starting  valve  is  engaged,  the  exhaust  valve  held  open  dur- 
ing the  compression  stroke,  and  the  fuel  valve  disengaged  while  the 
engine  is  started;  shifting  this  eccentric  sleeve  to  the  operating  posi- 
tion disengages  the  starting  valve  and  engages  the  fuel  valve  and  the 
other  valves  in  their  proper  sequence.  This  arangement  is  similar 
to  that  used  in  vertical  engines. 

The  valves  of  horizontal  two-cylinder  engines  are  connected  by  a 
system  of  parallel  rods,  permitting  aJI  valves  to  be  operated  from  one 
lay  and  governor  shaft.  A  separate  small  shaft  across  the  two 
cylinder  heads  driven  through  a  set  of  helical  or  bevel  gears  operates 
the  fuel  valve  by  means  of  cams.  The  starting  valves  are  operated 
in  the  manner  first  above  described. 

The  time  at  which  the  different  valves  are  opened  and  closed  differs 
widely  with  different  makes  of  engines. 

The  air  valves  open  15^  to  20*^  before  the  piston  reaches  the  top 
dead  center,  and  close  15^  to  20^  past  the  bottom  center,  being  open  a 
total  period  of  210''  to  220*^. 

The  fuel  valves  open  2^  to  8°  before  the  piston  reaches  the  top 
center,  and  close  18^  to  36^  after  the  piston  has  passed  the  top  center, 
being  open  20**  to  44^. 

The  exhaust  valves  open  25^  to  45^  before  the  piston  reaches  the 
bottom  center,  and  close  8^  to  14^  after  the  piston  has  passed  the 
top  center. 

The  angle  of  lead  is  least  for  slow-speed  engines  and  greatest  for 
high-speed  marine  engines  of  moderate  power  (100  to  200  horsepower; 
400  to  600  revolutions  per  minute).  This  angle  makes  aUowance  for 
the  inertia  of  the  valves;  the  type  of  fuel  valve  and  the  properties  of 
the  liquid  fuel  burned  also  influence  the  timing  of  the  fuel  valve. 

FC7EL  FQHFS. 

The  reliability  of  the  fuel  pump  and  its  sensitiveness  in  responding 
to  the  sUghtest  variations  in  load  largely  determine  the  satisfactory 
operation  of  the  engine.    The  pump  must  respond  to  the  governor 
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instantlj  and  must  furnish  a  supply  of  fuel  accurately  propor- 
tioned to  the  needs  of  the  engine  load.  The  permissible  rariatioDS 
have  to  deal  with  extremely  small  volumes  of  fuel.  As  noted  above, 
a  fuel  volume  of  2  c.c.  corresponds  to  a  full-load  injection  for  a  50- 
horaepower  cylinder  with  ahout  80  injections  per  minute  (160  revolu- 
tions per  minute).  A  variation  in  load  of  1  per  cent  amounts  there- 
fore to  a  fuel  volume  of  only  0.02  cc,  and  illustrates  how  seriously 
the  regulation  of  an  engine  may  he  affected  by  minute  quantities  of 
fuel,  tmlees  the  fuel  pump  and  governor  measure  with  great  precision 
the  fuel  required. 

As  we  have  distinguished  between  open-noszle  and  closed-nozzle 
fuel  valves,  so  we  may  distinguish  between  pumps  that  do  not  have 
to  force  the  fuel  against  the  high  pressure  of  the  injection  air  but  sup- 
ply the  fuel  to  open  nozzles,  and  pumps  that  must  dehver  the  oil 
against  the  injection  air  in  closed-nozzle  valves. 


FIOUKC  32.— CKsa  sectional  oil  pumptkslgmdMiupply  oil  taopeniHiulaii>ltI>i>DtO[ipadiic«iTi>i«iiiiL 
PUMPS   THAT  SDPPLY    FUEL   TO   OPEN    NOZZLES. 

Pumps  of  the  first  type  have  to  work  against  little  resistance— 
merely  that  due  to  pipe  friction  and  the  low  lift  from  pump  to  fuel 
valve;  the  oil  supply  can  therefore  be  regulated  with  close  accuracy 
by  varying  the  stroke  of  the  pump  pltmger,  which  is  imder  governor 
control. 

Figure  32  shows  a  cross  section  of  a  pump  of  this  type.  1^ 
piunp  displacement  is  in  proportion  to  the  travel  of  the  plungers 
which  19  slotted,  a  wedge  h,  actuafod  by  the  governor  moving  up  and 
down  in  this  slot,  decreasing  or  increasing  the  length  of  stroke  ami 
the  quantity  of  oil  delivered  to  the  fuel  valve. 

The  cam  and  the  oscillating  lever  or  rocking  arm,  throu^  which  the 
plunger  is  actuated,  compress  a  spring,  which  on  it3  extension  reverses 
the  direction  of  the  plunger  during  the  suction  stroke  of  the  pump. 
The  plunger  can  also  bo  operated  by  the  hand  lever,  before  the 
engine  is  started,  to  deliver  oil  to  the  fuel  valve. 
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Pumps  of  this  type  are  Bimple,  work  well,  and  are  subject  to  little 
wear.  When  tiiey  are  working  under  low  presstire,  the  stuffing  boxes 
are  easily  kept  tight  and  give  no  trouble.  They  respond  readily  to 
the  governor,  and  accurately  adjust  themselves  td  the  smallest  load 
variations. 

The  fuel  pump  shown  in  figure  33  is  driven  by  an  eccentric  on 
the  lay  shaft.    The  plunger  is  of  the  differential  type,  the  upper 


or  larger  part  being  hollow  and  having  seated  at  its  upper  end  a 
cut-off  valve.  The  plunger  has  a  full  positive  stroke  with  each 
revolution  of  the  lay  shaft.  The  cut-off  valve  is  under  direct  control 
of  a  Jahns  governor.  Governing  is  effected  by  permitting  the  cut- 
off valve  to  seat  in  a  predetermined  point  in  the  upstroke  of  the 
plunger,  thus  delivering  to  the  fuel  valve  a  quantity  of  oil,  correctly 
proportioned  to  the  load  that  the  engine  is  carrying. 
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PUMPS  DESIGNED  TO  FORCE  FUEL    AGAINST    HIGH  PRESSUSE. 

Pumps  of  the  other  type  have  to  be  designed  to  withstand  safely 
the  maximum  pressure  against  which  they  have  to  deUver  the  oil 
namely  1,000  poimds  per  square  inch.  They  have  to  force  the  oil 
into  the  fuel-valve  chamber,  which  is  under  the  pressure  of  the  injec- 
tion air  that  varies  from  600  to  1 ,000  poimds  per  square  inch.  Pumps 
of  this  type  have  to  deal  with  extremely  dense  and  correspondingly 
sluggish  liquids. 

For  this  reason  no  attempt  is  made,  in  pumps  of  this  class,  to  place 
the  pump  plimger  imder  governor  control  and  to  regulate  the  fuel-oil 
supply  by  varjring  the  stroke  of  the  pump  plunger  in  proportion  to 
the  fuel  reqiiired  by  the  engine.    The  high  pressure  under  which 

the  phmger  has  to  work 

^       ^ »  woidd  react  on  the  gov- 

1  emor  with  each  stroke, 

'  affecting  its   precision 

unfavorably  and  de- 
manding a  more  power- 
ful governor.  There  is 
also  the  possibility  that 
air  may  be  drawn  into 
the  plunger  barrel  dur- 
ing the  suction  stroke; 
with  the  minute  quanti- 
ties of  oil  to  be  deliv- 
ered to  the  engine,  espe> 
cially  at  partial  loads, 
a  small  air  bubble  may 
displace  all  the  oil,  and 
as  air  is  an  elastic  medium,  may  be  compressed  and  expanded  and 
seriously  interfere  with  the  functioning  of  the  governor. 

To  avoid  these  difficulties  the  pump  plunger  works  with  a  constant 
stroke,  furnishing  a  supply  of  oil  exceeding  the  maximum  quantity 
required  by  the  engine  when  working  at  full  load.  The  excess  fuel 
is  by-passed,  the  suction  valve  being  held  open,  the  degree  of  opening 
being  in  inverse  proportion  to  the  load  of  the  engine.  The  pump 
plunger  thus  delivers  only  the  exact  quantity  of  fuel  required  by  the 
engine  load.  The  suction  valve  is  under  governor  control  and  is 
actuated  through  a  push  rod  with  constant  or  variable  stroke. 

The  elements  of  a  pump  with  a  constant  stroke  of  the  plunger  and 
the  push  rod  are  shown  in  figure  34.  The  pump  is  driven  by  eccen- 
trics from  the  (vertical)  governor  shaft.  Crank  a  is  free  to  swing 
around  a  pin  supported  by  one  end  of  a  fulcrumed  arm,  the  other 
end  of  which  is  connected  with  the  governor.    The  push  rod  with 


FiouRB  34.— Essential  features  of  oil  pump  designed  to  work 
against  pressure  of  ii^ection  air  and  having  oonstant^troke 
plunger  and  push  rod. 
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constant  stroke  opens  the  suction  valve  by  lifting  crank  a  around  its 
point  of  support;  the  magnitude  of  the  lift  is  controlled  by  the 
extent  that  a  is  lifted  under  the  influence  of  the  governor.  The  lower 
the  load  the  greater  is  the  lift  of  a  and,  correspondingly;  of  the  suction 
valve,  with  a  greater  quantity  of  the  oil  by-passed.  Although  the 
stroke  of  the  push  rod  remains  always  constant,  the  surface  of  crank  a 
in  contact  with  the  end  of  the  push  rod  slides  past  it  up  or  down 
when  being  lifted  or  lowered  by  the  governor. 

In  other  pumps  the  pus];i  rod  has  a  constant  stroke,  but  the  starting 
point  of  its  travel  is  influenced  by  the  governor,  and  it  subjects  the 
lift  of  the  suction  valve  to  the  same  variation  in  travel. 

A  pump  comprising  all  the  elements  of  the  one  shown  in  figure  34, 
hut  with  a  variable-stroke  push  rod,  has  crank  a  swinging  around  a 
fixed  instead  of  a  movable  center.  The  push  rod  is  operated  by  a 
variable  eccentric  device  connected  with  a  through-shaft  spring 
governor  which  shifts  the  eccentric  device  relative  to  the  shaft  center, 
and  thus  alters  the  stroke  of  the  push  rod.  The  changed  lift  of  crank  a 
affects  the  lift  of  the  suction  valve  correspondingly. 

Pumps  of  this  type  are  usually  provided  with  a  hand  crank  attached 
to  crank  a,  which  permits  the  lifting  of  the  suction  valve  to  its  extreme 
position  and  the  lifting  of  the  discharge  Valve  sufficiently  off  its  seat 
to  let  the  oil  flow  by  gravity  into  the  pump  chamber  and  the  fuel-valve 
oil-delivery  pipe  from  the  oil-storage  tank  (which  is  higher  than  the 
engine)  by  opening  a  cock  connecting  the  pump  chamber  with  the 
atmosphere.  When  the  suction  valve  is  held  wide  open,  the  engine 
is  stopped.  These  pumps  have  been  developed  to  a  high  degree  of  per- 
fection, and  notwithstanding  the  severe  conditions  imder  which  they 
have  to  operate  they  are  highly  reliable. 

Pumps  may  be  vertical  or  horizontal;  the  former  are  used  if  oper- 
ated from  the  cam  shaft,  although  pumps  with  a  variable  stroke  of  the 
plunger  are  usually  of  the  horizontal  type  (fig.  32).  Pumps  driven 
from  the  vertical  governor  shaft  of  vertical  engines  are  usually 
horizontal  (fig.  34). 

NUMBER  OF  PUMPS  REQUIRED. 

Practice  regarding  the  number  of  fuel  pumps  supplied  with  midti- 
cyKnder  engines  differs,  being  often  decided  by  a  desire  to  reduce 
manufacturing  costs. 

When  only  one  pump  is  supplied,  the  fuel  has  to  be  divided  and 
proportioned  equally  to  the  different  cylinders.  This  is  done  with 
small  steel  diaphragms,  the  size  of  the  holes  being  determined  ex- 
perimentally, allowance  having  to  be  made  for  the  resistance  in  the 
different  pipe  branches  leading  to  each  fuel  valve.  This  method  is 
not  entirely  satisfactory,  especially  where  a  high  degree  of  regulation 
is  desired,  as  in  synchronizing.     With  a  decrease  in  load,  some  of  the 
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cylinders  will  receive  an  excess  of  fuel,  the  supply  being  proportion«l 
to  the  load  before  the  governor  acted.     If  one  or  more  of  the  branches 
is  obstructed,  the  active  cylinder  will  be  overloaded,  and  if  any  of  th^ 
fuel  valves  or  the  fuel  passages  to  them  leak  the  active  cylinders  will 
be  underloaded. 

In  pumps  that  arc  driven  by  the  vertical  governor  shaft,  which,  in 
an  engine  having  a  four-stroke  cycle,  makes  double  the  number  of 
revolutions  of  the  cam  shaft,  the  plunger  delivers  the  fuel  in  two  part5 
for  any  one  fuel  charge,  corresponding  to  one  revolution  of  the  cam 
shaft.  The  governor,  by  acting  between  the  two  plunger  strokes,  can 
therefore  adjust  the  second  part  of  the  fuel  charge  to  the  new  engine 
load,  cotmteracting  somewhat  the  defect  mentioned.  As  a  result  of 
the  desire  to  improve  the  regulation  further,  individual  pumps  are 
often  built  as  multiplunger  pumps,  one  plimger  being  provided  for 
each  fuel  valve  (each  cylinder).  As  the  plungers  are  driven  simul- 
taneously by  one  eccentric  device,  they  divide  the  fuel  eflfectively, 
but  the  governor  continues  to  influence  only  the  combined  quantity 
of  fuel  deUvered  by  all  the  plungers  and  not  of  that  delivered  by  each 
plimger  successively. 

To  avoid  these  defects  many  builders  provide  an  independent  pump 
for  each  cylinder,  each  pump  being  separately  imder  the  influence  of 
the  governor.  The  cams  or  eccentrics  actuating  these  pumps  are 
moxmted  on  the  cam  shaft  (or  the  governor  shaft)  with  different  lead- 
ing angles,  corresponding  to  the  sequence  at  which  the  different  fuel 
valves  act,  and  each  pump  delivers  the  oil  just  before  the  fuel  valve 
it  serves  opens.  Engines  so  equipped  have  the  most  effective  regu- 
lation.   

Ant  GOMPBESSOBS  AND  AIB  BECEIVEBS. 

OENEBAL  DETAILS   OF   AIR   COMPRESSORS. 

The  air  required  for  starting  the  engine  and  for  atomizing  and 
injecting  the  fuel  is  furnished  by  an  air  compressor.  On  account 
of  the  high  pressure  necessary,  the  air  is  compressed  in  two  or  three 
stages.  Ample  cooling  of  the  compressor .  cylinders  and  of  the  air 
in  intercoolers  between  stages  is  not  merely  desirable  to  approach 
isothermal  compression  and  reduce  the  power  needed  for  com- 
pression, but  is  necessary  to  avoid  accidents  that  may  wreck  the 
compressor,  with  possible  injury  to  the  operators.  With  insuffi- 
cient cooling  of  air  and  excessive  use  of  cylinder-lubricating  oil  or  of 
an  unstable  oil,  the  oil  vapor  may  form  an  explosive  mixture  with 
the  heated  air  and  be  ignited  upon  compression.  Three-stage  com- 
pression is  therefore  much  to  be  preferred,  as  it  permits  compressing 
the  air  more  gradually,  and  the  lower  compression  ratios  avoid 
excessive  terminal  temperatures;  it  also  permits  cooling  the  air  more 
thoroughly  in  intercooleys  before  it  is  passed  from  one  stage  to  the 
9i;icceeding  stage, 
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The  air  leaving  the  last  stage  of  the  compressor  should  be  passed 
through  an  af tercooler  and  an  oil  separator  before  it  is  stored  in  the 
air  receivers.  This  step  is  taken  not  so  much  to  prevent  a  drop  in 
pressure  in  the  injection  air  bottle  with  the  contraction  of  the  heated 
air  on  coohng  as  to  avoid  explosions  of  the  heated  air  chained  with 
oil  vapor.  Regrettable  accidents  have  happened  from  failure  to 
provide  intercoolers  and  aftercoolers.  Not  only  pipes  but  air 
receivers  as  well,  have  burst.  Flame  passing  through  the  air  pipe 
and  into  the  air  receiver  charged  with  oil  vapor  has  ignited  this  vapor 
and  blown  up  the  receiver.  The  af  tercooler  cools  the  air,  and  the  oil- 
and-water  vapors  are  condensed  in  the  separator,  and  from  time  to 
time  are  drained. 

The  air  compressor  should  be  lubricated  thoroughly  but  without 
the  use  of  an  excessive  quantity  of  oil.  The  oil  used  should  have  a 
paraffin  base,  should  be  of  great  stability  at  high  temperature,  and 
should  have  high  flash  and  burning  points. 

The  air  compressor  is  usually  driven  direct  from  the  main  shaft 
of  the  engine.  On  multicylinder  engines  with  closed  crank  case  the 
compressor  usually  has  the  appearance  of  an  additional  cyUnder,  the 
compressor  cyhnders  and  pipe-coil  air  coolers  being  surrotmded  with 
a  mantle  forming  a  water  space. 

On  some  engines,  especially  large  units,  more  than  one  compressor 
is  used  to  avoid  the  large  size  necessary  with  only  a  single  com- 
pressor. Moreover  greater  accessibility  and  reUability  are  obtained, 
and  the  work  of  compression  is  divided  into  a  larger  number  of  smaller 
absolute  impulses. 

Compressors  may  be  vertical,  horizontal,  or  inclined  for  both  ver- 
tical and  horizontal  engines.  They  are  made  of  cast  iron,  with 
water- jacketed  cylinders,  or  are  surrounded  by  a  mantle  which  forms 
a  large  water  space  and  in  which  are  housed  the  air-cooUng  coUs. 
More  systematic  cooling  can  be  done  by  using  water- jacketed  cylin- 
ders and  independent  intercoolers.  Also,  these  then  become  more 
accessible.  The  cylinders  are  stepped  down  to  correspond  to  the 
number  of  stages;  likewise  the  pistons,  which  are  of  cast  iron.  The 
high-pressure  end  is  usually  too  small  in  diameter  to  permit  extend- 
ing the  snap  rings  sufficiently  to  slip  them  over  the  piston.  They  are 
then  held  between  spacing  rings  and  locked  with  a  nut  in  the  end  of 
the  piston. 

The  valves  are  metal  poppet  or  disk  valves.  The  discharge  and 
intake  valves  between  stages  are  preferably  housed  together  in  one 
cage,  of  a  construction  that  facilitates  their  removal  and  replacement. 
The  high  pressure  demands  small  clearance  spaces;  the  interior  of 
the  cylinder-head  end  should  therefore  be  free  of  pockets  or  dead 
spaces,  and  the  valve  seats  should  conform  closely  to  the  inner  sur- 
face of  the  cylinder;  the  piston  likewise  should  conform  to  the  shape 
pf  the  cylinder  head  to  permit  its  close  approach  to  the  head,    £ack 
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intercooler  should  be  fitted  with  au  oil  separator,  so  that  exces 
lubricating  oil  and  condensed  water  may  be  separated  and  drained 
and  not  allowed  to  pass  on  to  the  neab  stage. 

A  blow-off  (safety)  valve  should  be  placed  in  the  high-preesure  air 
pipe,  leading  to  the  air  receiver,  directly  back  of  the  high-pressure 
end  of  the  compressor  (past  its  dischaji^e  valve),  to  prevent  the 
bursting  of  the  pipe  as  the  result  of  an  obstruction.  The  necessity 
of  an  aftercooler  and  an  oil  separator  has  alteady  been  mentioned. 

Compressor  troubles  are  probably  responsible  for  a  large  proportion 
of  shutdowns  in  the  operation  of  the  Diesel  engine.  Particular  care 
should  be  used  in  compressor  construction  to  make  all  the  parts  as 
simple  as  possible  and  still  retain  the  maximum  efficiency  and  reli- 
ability. Valves  should  be  readily  interchangeable,  and  the  material 
and  workmanship  of  the  highest  order. 

AIR   RECEIVERS   FOR    AIR    COMPRESSOR. 

The  air  for  the  compressor  is  usually  stored  in  three  air  receivers, 
two  large  ones  for  the  air  used  in  starting  the  engine  and  a  smaller 
one  for  the  injection  of  air.  These  receivers  are  made  of  seamless 
drawn  steel,  and  to  avoid  heavy  walls  and  excessive  weight  are  rela- 
tively long  and  of  small  diameter  (L/D  =  4  to  8).  They  are  inter- 
connected with  a  system  of  pipes  controlled  by  valves,  so  that  either 
of  the  large  bottles  may  be  replenished  with  air  from  the  injection- 
air  bottle,  which  is  supplied  from  the  air  compressor.  The  valve 
bodies  are  machined  out  of  solid  forged-steel  blocks.  The  valve 
bodies  are  connected  to  the  air  pipes  by  copper  cones  and  steel  gland 
nuts.    The  valves  are  controlled  by  large  (8-inch)  handwheels. 

One  of  the  large  air  bottles  is  used  for  storing  a  reserve  supply  of 
air  under  a  pressure  of  1,000  pounds  per  square  inch.  Air  is  drawn 
from  the  other  when  the  engine  is  started.  The  latter  bottle  is 
refilled  as  soon  as  the  engine  is  in  operation.  The  air  compressor 
is  designed  amply  large  to  replenish,  in  15  to  20  minutes  running, 
the  air  so  used,  without  drawing  on  that  used  for  injecting  the  fuel 
with  the  engine  at  full  load.  Manometers  are  provided  to  indicate 
the  pressure  in  the  large  bottles  and  the  injection-air  bottle  and  the 
intermediate  pressure  of  the  compressor.  At  least  one  of  the  large 
air  receivers  is  filled  with  air  at  the  manufacturer's  works  and  shipped 
with  the  engine  to  be  used  in  starting  it  for  the  first  time.  Before 
the  engine  is  started  at  any  time  the  operator  should  convince  him- 
self that  every  part  of  it  is  in  operating  condition;  should  he  fail  to 
start  it  by  turning  on  the  starting  air,  he  should  close  the  air  valve 
at  once  and  locate  the  cause  of  failure  rather  than  make  a  number  of 
attempts  and  waste  the  compressed  air. 

If  all  the  air  has  been  used  before  the  operator  has  succeeded  in 
starting  the  engine,  which  operates  the  compressor  for  producing  a 
fresh  supply,  compressed  carbon  dioxide  (carbonic-acid  gas)  can  be 
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used  in  lieu  of  compressed  air.  To  prevent  the  freezing  of  the  gas 
"when  it  is  drawn,  the  top  part  of  the  container  may  be  warmed  by 
'wrapping  cloths  soaked  in  hot  water  aroimd  it.  The  container  should 
not  be  heated  by  such  means  as  torches,  as  there  is  great  danger  of 
bursting  it  from  overheating  the  gas. 

The  size  and  the  number  of  air  receivers  vary  with  the  size  of  the 
installation.  In  power  plants  using  a  number  of  engines  it  is  well 
to  interconnect  the  air  receivers  of  the  different  engines,  so  that  any 
one  can  be  drawn  upon  in  emergencies  for  any  of  the  engines.  Small 
engines  need  a  relatively  greater  air-storage  capacity  per  horse- 
power than  do  large  engines.  The  capacity  required  varies  from 
15  to  20  gallons  per  100  horsepower  for  the  injection-air  bottle  and 
from  60  to  200  gaUons  per  100  horsepower  for  the  starting-air  re- 
ceivers.' 

BBQULATION  OF  AIE  SUPPLY. 

The  air  supply  to  the  fuel  valves  is  regulated  by  throttling  the 
discharge  valve  on  the  injection-air  bottle,  and  the  desired  pressure, 
indicated  by  a  manometer  on  the  injection-air  bottle,  is  maintained 
by  correspondingly  throttling  the  air  going  to  the  air  compressor  at 
the  air  intake. 

Each  bottle  is  provided  with  a  cock  and  a  drain  pipe  reaching  to 
the  bottom  of  the  bottle  to  drain  it  of  accumulated  condensed  water 
and  oil. 

For  starting  some  engines  low-pressure  air  is  used  (100  to  250 
poimds  per  square  inch),  which  is  stored  in  the  standard  type  of 
sheet-steel,  riveted  aii  receivers.  The  receivers  are  filled  with 
air  drawn  from  the  injection-air  bottle  and  supplied  by  the  air 
compressor.  In  other  engines  the  air  receivers  are  eliminated 
altogether  and  a  seamless  steel  pipe  is  used  between  the  compressor 
and  the  fuel  valves,  the  pipe  taking  the  place  of  the  injection-air 
bottle.  A  separate  small  compressor  driven  by  a  gasoline  engine 
supplies  the  starting  air.  This  practice  lowers  the  first  cost  of 
the  engiue,  but  the  absence  of  any  air  reserve  makes  it  necessary 
that  the  compressor  funushing  the  injection  air  be  of  imf ailing 
reliability.  With  the  opening  and  closing  of  the  fuel  valves  and 
the  lack  of  sufficient  receiver  capacity  the  pressure  fluctuates,  and 
with  an  obstruction  in  the  pipe  the  pressure  may  rise  abruptly  and 
burst  the  pipe,  as  even  the  precautionary  blow-off  valves  can  not  be 
depended  upon  to  act  unfailingly.  The  presence  of  a  gasoline 
engine  with  its  highly  inflaiomable  fuel  introduces  a  fire  risk  that 
is  absent  in  installations  that  derive  the  starting  air  from  the  engine- 
driven  compressor  and  have  in  the  engine  room  only  a  small  supply 
of  fuel  oil  with  a  high  flash  point.  This  advantage  of  the  Diesel 
engine  shoidd  not  be  appraised  too  lightly  in  many  industrial  plants, 
such  as  textile  and  flour  mills. 
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MATERIAL   USED    IX    AIR   PIPES. 

The  injection-air  and  fuel  pipes  subjected  to  the  fuel-pump  pre?- 
sure  are  made  either  of  seamless-drawn  copper  or  steel.  Copper 
pipes  are  preferable  on  account  of  their  greater  ductility  and  unifonn 
strength,  even  though  they  have  a  lower  tensile  strength  than  steel 
pipes.  Seamless  drawn-steel  pipes  have  failed,  owing  to  local 
imperfections,  where  copper  pipes  have  satisfactorily  stood  the 
test;  but  no  receiver  system  or  pipes  are  entirely  safe  against  rupture 
if  the  air  discharged  from  the  air  compressor  is  not  first  cooled  t^ 
remove  any  entrained  oil.  For  conducting  the  air  used  in  starting 
the  engine  a  seamless  drawn-steel  pipe  is  used ;  this  pipe  is  of  larger 
diameter  and,  as  the  pressure  of  air  used  for  starting  should  not 
exceed  500  poirnds  per  square  inch  when  admitted  to  the.  engine 
cylinder,  is  safe.  This  air  is  usually  at  atmospheric  temperature  and 
the  danger  from  ignition  of  explosive  mixtures  of  air  and  oil  vapors 
is  absent. 

For  circulating  cooling  water  and  supplying  fuel  oil  to  the  fuel- 
storage  tank  in  the  engine  room  standard  black  or  galvanized-iron 
pipes  are  used. 

SOURCE   AND   VOLUME   OF  AIR  USED. 

The  air  for  the  engine  is  taken  directly  from  the  engine  room  or 
from  the  outside.  If  the  air  is  taken  from  the  engine  room,  the 
customary  method  is  to  bolt  to  the  facing  of  the  cylinder  head  a 
cast-iron  elbow,  connecting  this  with  the  intake  to  the  air  valves; 
the  elbow  points  downward  and  is  connected  with  a  short  length 
of  steel  pipe  (one  elbow  and  one  pipe  for  each  cylinder).  Its  end  is 
closed  with  a  cap.  The  air  enters  through  a  series  of  long  slits  cut 
into  the  walls  of  the  pipe.  This  arrangement  lessens  the  noise  and 
prevents  foreign  bodies  from  being  drawn  into  the  engine. 

As  the  volume  of  air  drawn  into  the  engine  is  considerable — ^about 
635  cubic  feet  per  minute  for  a  100-horsepower  engine  having  a 
four-stroke  cycle  and  about  850  cubic  feet  per  minute  for  an  engine 
having  a  two-stroke  cycle — especially  in  large  installations,  means 
of  admitting  an  excess  of  air  to  the  engine  room  must  be  provided. 
However,  the  noise  will  probably  be  considerable  and  the  windows 
will  vibrate  and  shake  under  the  continuous  waves  produced  by  the 
periodic  air  displacements.  It  is  therefore  a  better  plan,  in  large 
installations  to  draw  the  air  from  the  outside  through  large  conduits 
built  in  the  foundation  and  connecting  with  the  different  air  intakes 
to  the  valves. 

Two-stroke  engines  are  provided  with  air  through  the  air  (scav- 
enging) pump,  so  it  is  necessary  merely  to  have  the  pump  intake 
connected  with  the  air  canal. 
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Wherever  the  air  is  likely  to  be  contaminated  with  dust,  it  should 
be  filtered  to  prevent  excessive  cylinder  wear  and  the  shortening  of 
the  life  of  the  engine. 

EXHAUST   PIPES. 

The  exhaust  pipes  should  be  of  cast  iron  as  steel  pipes  corrode 
rapidly,  especiaUy  when  the  fuel  oil  contains  an  appreciable  quantity 
of  sulphur.  The  sulphur  bums  to  sulphur  dioxide,  which  may  be 
oxidized  to  the  trioxide  in  the  engine  cylinder,  and  combine  with  the 
water  vapor  of  combustion  to  form  sulphiu*ous  or  sulphuric  acid. 
The  exhaust  gases  should  never  be  cooled  to  the  condensing  point  of 
water,  which  would  cause  corrosion.  As  the  exhaust  gases  issumg 
from  the  engine  are  hot  (600°  to  1,000°  F,),  the  exhaust  pipes  are 
jacketed  and  water  cooled  in  the  proximity  of  the  engine  to  make 
work  around  the  engine  bearable  to  the  attendants  and  to  prevent 
bums. 

It  is  customary  to  provide  a  test  cock  in  the  exhaust  pipe  near 
the  cylinder  head.  By  holding  a  piece  of  white  paper  over  this  cock 
determination  can  easily  be  made  as  to  whether  combustion  is  perfect 
or  incomplete.     The  exhaust  should  be  colorless. 

STORAGE  OF  FTTEL  OIL. 

The  storing  of  the  fuel  oil  does  not  call  for  any  departure  from  the 
customary  practice  in  steam-power  plants.  Closed  steel  drums  set  in 
individual  closed  arched  concrete  cellars  are  somewhat  high  in  first 
cost,  but  combine  the  advantages  of  low  fire  risk,  easy  detection  of 
leaks,  and  prevention  of  evaporation  loss.  They  can  be  filled  direct 
from  tank  cars.  As  Diesel  plants  use  about  one-third  the  quantity 
of  fuel  oil  consumed  by  efficient  steam  plants,  the  storage  capacity 
'can  be  proportionately  reduced.  The  rooms  in  which  the  fuel  tanks 
are  housed  should  be  properly  ventilated  to  prevent  the  accumulation 
of  any  oil  vapor  that  may  escape.  Care  should  be  taken  not  to  draw 
the  oil  from  too  near  the  bottom  of  the  oil  tank,  to  prevent  sediment 
entering  the  oil-supply  pipes. 

In  the  engine  room  are  one  or  more  small  fuel-supply  tanks,  usually 
of  a  capacity  to  run  the  engine  for  half  a  day.  In  small  installations,  a 
hand-operated  fuel  pump  is  used  to  refill  the  small  fuel  tank  with  fuel 
oil  from  the  main  f uel-oilstorage  tanks.  In  larger  installations  a  motor- 
driven  pimip  is  used.  The  small  fuel  tanks  are  supplied  with  a  glass 
gage  to  indicate  the  fuel  level.  Whenever  the  viscosity  of  the  oil  is 
such  that  it  will  not  flow  readily  through  the  pipes  at  ordinary  temper- 
atures, means  to  heat  the  oil  to  increase  its  fluidity  sufficiently  have 
to  be  provided.  The  usual  method  is  to  pass  the  hot  jacket  water 
through  pipe  coils  in  the  small  fuel  tanks,  or  to  have  these  tanks 
provided  with  water  jackets,  through  which  the  hot  water  from  the 
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engiue  jacket  is  passed.  Provision  then  has  to  be  made  for  anothes 
smaller  fuel  tank;  in  which  gas  oil  (ignition  oil)  for  starting  the  engine 
is  stored;  this  is  switched  on  when  the  engine  is  to  be  stopped  fat 
any  length  of  time.  The  fuel  supplied  to  the  pipe  leading  to  the 
engine  fuel  pump  or  pumps  is  controlled  from  either  supply  tank  by 
a  three-way  cock. 

When  the  fuel  oil  contains  sand  or  other  foreign  matter,  small 
filter  tanks  are  provided;  the  fuel  oil  from  the  small  f uel-suppty.  tank 
flows  through  these  filter  tanks  into  the  main  fuel-supply  pipe  to  the 
engine  fuel  piunp  through  two  branches  (one  from  each  filter  tank) 
controJQed  by  a  three-way  cock.  This  arrangement  permits  switdi- 
ing  one  tank  off  the  circuit  for  cleaning  while  the  other  continues  t<o 
supply  the  engine  with  fuel.  As  an  additional  safeguard,  filter  plugs 
are  placed  ahead  of  the  intake  valves  of  the  fuel  pumps. 

The  fuel  tanks  are  supported  on  brackets  or  a  platform  on  the 
wall  opposite  the  engine  and  high  enough  above  it  for  the  fuel  to 
flow  by  gravity  to  the  engine  fuel  pumps.  Usually  each  engine  is 
supplied  from  its  own  smaU  fuel-supply  tank. 

COOLmO  WATEB. 

For  cooling  the  compressor  and  the  engine  a  constant  flow  of  water, 
adjusted  to  the  engine  requirements,  is  desirable.  This  is  best  supplied 
from  a  constant-head  tank,  which  should  be  at  least  20  feet  above  the 
water  inlet  to  the  engine,  so  that  the  head  of  water  will  overcome  any 
Vapor  tension  of  the  steam  formed  within  the  engine  jackets. 

In  some  engines  the  water  is  first  passed  through  the  aftercooler  and 
the  intereooler  and  the  water  jackets  of  the  compressor,  then  through 
the  engine-cyUnder  jackets,  and  last  through  the  head;  in  others  inde- 
pendent water  connections  are  used,  with  branches  from  the  main 
supply  pipe  to  the  compressor  and  the  different  engine  cylindere. 
Altlxough  the  quantity  of  water  required  for  cooling  the  engine  is 
so  much  larger  than  that  needed  by  the  compressor  that  it  is  not 
wanned  appreciably  by  passing  through  the  latter  first,  an  inde- 
pendent water  supply  to  the  compressor  has  much  to  recommend  it, 
affording  easier  adjustment  of  the  supply  of  cooling  water  to  the 
different  cylinders  and  heads.  Separate  discharges  for  the  water 
from  the  cylinders  and  from  the  cylinder  head  should  be  provided, 
each  with  its  own  thermometer,  so  that  the  temperature  in  a  cylind^ 
or  in  the  head  can  be  controlled.  The  discharge  pipes  should  be 
provided  with  valves,  to  regulate  the  discharge,  as  the  water  is  under 
pressure. 

In  large  installations,  all  the  water-discharge  pipes  are  brought  to 
a  central  discharge  point  and  mounted  on  a  switchboard;  a  cock 
regulates  the  overflow,  and  a  thermometer,  mounted  on  the  board 
above  each  respective  discharge,  indicates  the  temperatm'e.  A 
master  valve  controls  the  main  supply  to  the  engine.    When  the 


DETAILS  OF  DIESEL  ENGINES.  65 

engine  is  to  be  shut  down,  only  t}ie  master  valve  is  closed,  the  other 
valves  being  left  in  adjustment. 

Some  care  must  be  used  in  adjusting  the  supply  of  water  to  the 
engine  needs,  and  an  excess  should  be  avoided,  as  it  will  cool  the 
cylinders  too  much;  they  will  contract,  whereas  the  piston,  being 
hot,  will  expand.     Excessive  cooling  may  thus  cause  piston  seizures. 

When  the  engine  is  stopped,  the  water  should  be  continued  in  cir- 
culation for  some  time,  as  the  heat  stored  in  the  piston,  the  cylinders, 
and  the  cylinder  head  is  considerable,  being  sufficient  to  bring  the 
water  to  the  boiling  point,  so  that  sudden  stopping  of  the  circulation 
of  the  water  might  cause  the  cracking  of  a  cylinder  or  of  the  cylinder 
head.  If  the  water  is  hard,  lime  or  magnesia  salts  may  be  deposited 
and  interfere  with  the  efficient  cooling  of  the  cylinder  head  and  the 
cylinders,  set  up  internal  stresses,  and  lead  to  cracked  heads  and  liners. 
When  the  water  is  hard,  the  best  policy  is  to  use  distilled  water, 
which  should  be  cooled  before  use.  The  loss  with  an  efficient 
cooling  system  need  not  be  more  than  10  per  cent  of  the  volume  of 
water  needed  for  cooling — amounting  to  one-fourth  to  onc-haK  gallon 
of  water  per  horsepower-hour. 

The  volume  of  cooling  water  required  varies  with  the  size  and  type 
of  the  engine.  Engines  having  a  four-stroke  cycle  use  from  2.7  to  4 
gallons  of  cooling  water  a  horsepower-hour,  the  larger  volume  corre- 
sponding to  smaller  engines.  Two-stroke  engines  use  from  5  to  6  gallons 
a  horsepower-hour.  The  volume  used  depends  on  the  initial  and  the 
terminal  temperature  of  the  water.  The  figures  given  are  based  on 
an  initial  temperature  of  60°  F.  and  a  discharge  temperatiu-e  of 
160°  F.  It  is  well  to  plan  on  not  less  than  6  gallons  of  water  per 
horsepower-hour  for  an  engine  having  a  four-stroke  cycle,  and  not 
less  than  8  gallons  for  an  engine  having  a  two-stroke  cycle.  The 
capacity  of  the  circulating  pump  should  be  50  to  100  per  cent  larger, 
depending  on  the  type  of  pump  used. 

MECHANICAL  EFFICIENCY  OF  DIFFERENT  TYPES  OF  DIESEL 

ENGINES. 

The  mechanical  efficiency  of  the  Diesel,  engine,  Efn,  is  the  net 
effective  power  developed  in  the  engine  cylinder  remaining  after  the 
power  absorbed  by  the  moving  parts  of  the  engine  and  by  frictional 
resistance  has  been  deducted.  The  air  compressor,  furnishing  the 
injection  air  and  usually  driven  direct  from  the  engine,  consumes 
considerable  of  the  total  power  of  the  engine  (7  to  15  per  cent)  and 
this  loss  must  also  be  deducted  to  ascertain  the  net  effective  output 
of  the  engine.  The  mechanical  efficiency  is  expressed  as  the  ratio 
between  the  effective  power  of  the  engine  as  measured  by  a  brake 
on  the  engine  shaft  (brake  horsepower)  and  the  indicated  power  as 

RHP 
determined  from  indicator  diagrams:  E^^  HTp- 
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The  mechanical  efficiency  of  a  Diesel  engine  is  influenced  k 
numerous  factors,  such  as  the  type  and  the  size  of  engine,  the  qualiiy 
of  the  material  and  workmanship,  the  care  given  to  details  in  erecting, 
the  lubricating  system,  including  the  quantity  and  the  quality  oi 
lubricating  oil  used,  the  engine  speed,  and  the  volume  of  cooling 

water  used.  If  too  much  cooling  water 
is  used,  frictional  resistance  due  to  cvl- 
inder  contraction  may  be  greatly  m- 
creased.  It  is  always  higher  in  new  en- 
gines, until  the  different  moving  parts 
have  worn  the  rubbing  surfaces  smooth. 
As  the  internal  power  and  friction  of 
an  engine  are  nearly  constant  r^ardless 
of  load,  the  mechanical  efficiency  de- 
creases with  a  decrease  in  the"engrne  load. 
The  mechanical  efficiency  of  engines 
having  a  two-stroke  cycle  is  lower  than 
that  of  engines  having  a  four-stroke 
cycle  as,  in  addition  to  the  powerrequired 
by  the  injection  air  compressor,  there  is 
that  required  by  the  scavenging  pump. 
The  mechanical  efficiencies  of  four- 
stroke  engines  at  full  load  vary  from  75 
to  82  per  cent,  80  per  cent  being  usual 
for  high-grade,  low-speed  engines  of 
medium  and  laige  powers.  The  engine 
efficiency,  exclusive  of  the  air  compres- 
sor, is  85  to  90  per  cent. 

The  mechanical  efficiency  of  engines 
having  a  two-stroke  cycle  seldom  ex- 
ceeds 70  per  cent  and  mav  be  as  low  as 
65  per  cent  in  high-speed  engines.  The 
distribution  of  power  losses  in  two-stroke  and  four-stroke  engines 
is  shown  in  figure  35. 
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Figure  35.— DLstributlon  of  power  losses  in 
two  types  of  Diesel  oQ  engines:  A^  en- 
gine having  four-stroke  cycle;  £,  engine 
having  two-stroke  cycle. 


THEBMAIi  EFFICIENCIES. 

The  thermal  efficiency  of  a  Diesel  engine  is  the  ratio  between  the 
equivalent  in  heat  units  of  1  horsepower  and  the  number  of  heat 
units  actually  consumed  by  the  engine  in  developing  1  horsepower. 
K  based  on  the  indicated  horsepower,  it  is  the  indicated  themiAl 
efficiency,  E^;  if  on  the  brake  horsepower,  it  is  effective  thermal 
efficiency,  E<^. 
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In  the  foregoing  expressions,  550  foot-pounds  per  second  =  1 
hLorsepower;  778  foot-pounds  is  the  mechanical  equivalent  of  1 
Sritiah  thermal  unit;  W  is  the  weight  in  pounds  of  the  fuel  consiuned 
during  1  hour;  II  is  the  heating  value  of  the  fuel  in  British  thermal 
units  per  pound. 

If  WH  is  the  fuel  consumption  per  horsepower  hour,  expressed 

2545 
in  British  thermal  units,  then  E^  ==  Tmrt* 

The  thermal  efficiency  depends  chiefly  on  the  thermodynamic 
cycle  of  the  Diesel  engine,  and  is  affected  by  the  compression  ratio 
(ratio  between  total  cylinder  volume  and  clearance  volume  at  the 
end  of  compression)  as  well  as  the  cut-off  ratio  (ratio  between  cylinder 
volume  at  time  fuel  valve  closes  and  volmne  at  inner  dead  center  of 
piston  or  clearance  volimie). 

The  indicated  thermal  efficiency  increases  with  a  decrease  in  the 
cut-off  ratio  which  contributes  to  the  phenomenal  economy  of 
the  Diesel  engine  at  fractional  loads,  the  fuel  consinnption  per 
horsepower-hour  remaining  nearly  constant  between  full  and  three- 
fourths  load,  and  increasing  only  slightly  at  one-half  load.  The 
ignition  of  the  fuel  could  be  effected  at  lower  pressures,  but  high 
compression  is  essential  to  high  engine  economy  in  Diesel  ongines. 

The  mechanical  efficiency  of  the  engine  naturally  influences  its 
fuel  economy  (thermal  efficiency)  also,  but  to  a  minor  degree. 

The  indicated  thermal  efficiency  of  the  Diesel  engine  having  a 
four-stroke  cycle  varies  from  46  per  cent  at  full  load  to  47  per  cent 
at  half  load,  and  the  effective  thermal  efficiency  from  37  per  cent  at 
full  load  to  30  per  cent  at  half  load,  which  represents  the  best  practice. 
As  regards  engines  having  a  two-stroke  cycle,  the  figures  are  10  to 
15  per  cent  lower. 

VOLXrHBTBIC  EFFICIENCIES. 

The  volumetric  efficiency  (E^)  is  the  ratio  between  the  weight  of  a 
cylinder  full  of  air  at  the  completion  of  the  suction  stroke  and  the 
weight  of  a  similar  volume  at  standard  temperature  and  pressxu'e. 
It  can  be  determined  by  measuring  the  partial  pressure  of  the  air 
during  the  suction  stroke  and  dividing  it  by  the  atmospheric  pres- 
sure. The  construction  of  the  engine,  its  piston  speed,  its  valve  gear, 
and  temperatiu-e  are  factors  that  influence  the  volumetric  efficiency. 
The  volumetric  efficiency  of  an  engine  having  a  four-stroke  cycle  differs 
from  that  of  an  engine  having  a  two-stroke  cycle.  The  volumetric 
efficiency  influences  the  specific  duty  of  the  Diesel  engine.  During 
the  suction  stroke  of  the  four-cycle  engine,  the  air  becomes  somewhat 
rarified,  so  that  the  lower  the  volumetric  efficiency,  the  lower  is  the 
weight  of  oxygen  in  a  cyUnder  full  of  air.  The  maximum  quantity 
of  fuel  that  can  be  burned  by  the  air  (oxygen)  charges  is  also  propor- 
tionately lower  with  lower  volumetric  efficiency. 
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Tho  volumetric  efficioncy  of  engines  having  a  two-stroke  cyde  is 
generally  below  unity,  notwithstanding  the  fact  that  the  cylindeis 
are  filled  with  sUghtly  compressed  air,  as  it  is  not  possible  to  scavenge 
or  remove  all  tho  gases  of  combustion,  which  vitiate  the  burning 
power  of  the  air  chaise.  To  determine  the  volumetric  efficiency  of 
engines  having  a  two-stroke  cycle,  it  is  not  sufficient  to  know  the  pres- 
sure of  the  air  that  fills  the  cylinder  (before  compression  b^ins); 
this  value  must  be  multiplied  by  the  percentage  of  pure  air  present  in 
the  total  weight  of  gaa  filling  the  cyhnder. 


100  'SO  200  ISO  300  iSO  400 

FiaimE  36,— Ty  plisl  perlormuice  curvea  rapressnUiig  engtns  efflcliindn  of  300-hon^iowir  Dkarl  utlpes. 

For  alow-speed  four-stroke  engines  a  volumetric  efficiency  of  90  per 
cent  can  be  reached,  which  decreases  to  85  per  cent  for  high-speed 
engines,  and  for  extreme  speeds  may  be  even  lower.  These  values 
presuppose  high-grade  engines  with  mechanically  operated  valves. 

Typical  performance  curves  representing  engine  efficiencies  of  a 
300-horsc power  Diesel  engine  arc  shown  in  figure  36. 

EFFECT  or  HIGH  ALTZTUPES  ON  SFFICIENOT. 

At  higher  altitudes  the  specific  duty  of  Diesel  engines  deiseasee 
appreciably,  owing  to  the  lessened  density  of  the  air,  which  affeote 
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the  engine  just  as  a  low  yolnmetric  efficiency  would.  The  horse- 
power rating  of  the  engine  decreases  3  per  cent  for  every  1,000  feet  of 
added  altitude.  Nearly  40  per  cent  of  the  power  loss  could  be  recov- 
ered by  precompressing  the  rarified  air  to  atmospheric  or  slightly 
higher  pressure  in  positive-pressure  blowers  and  filling  the  engine 
cylinders  with  this  air.  Blower  equipment  is  considerably  cheaper 
per  horsepower  of  capacity  than  Diesel  engine  equipment.  At  high 
altitudes  it  may  pay,  under  certain  conditions,  to  install  blower 
equipment  for  precompressing  the  air  for  engines  having  a  four- 
stroke  cycle.  An  engine  having  a  two-stroke  cycle  can  compress  the 
air  readily  by  using  a  larger  scavenging  pump. 

CHABACTBBI8TI0S  AND  USES  OF  HIOH-SPEBD  BNOINBS. 

V 

Diesel  engines  may  be  classed  as  low-speed  and  high-speed  engines. 
The  former  are  preferred  for  hard,  continuous  duty.  They  have 
relatively  low  piston  speed,  varying  from  600  to  800  feet  per  minute, 
the  piston  speed  increasing  with  the  power.  The  niunber  of  revolu- 
tions per  minute  varies  from  250  to  150,  decreasing  with  the  size  of  the 
engine.  The  stroke-bore  ratio  varies  from  1.3  to  1.9,  the  highei* 
ratio  being  preferred  for  low-speed  engines  for  hard  service,  although 
with  an  increase  in  piston  speed  the  stroke-bore  ratio  decreases,  hke- 
wise  the  number  of  revolutions.     * 

High-speed  engines  have  a  piston  speed  of  700  to  1,000  feet  per 
minute,  a  stroke-bore  ratio  of  1.0  to  1.3,  and  an  engine  speed  of  250 
to  350  revolutions  per  minute.  The  speed  of  engines  for  special  pur 
poses,  as  for  submarines,  is  often  increased  to  500  and  600  revolutions 
per  minute  with  low  stroke-bore  ratio  to  obtain  a  light  engine  of  low 
height. 

The  high-speed  engines  are  useful  for  central-station  duty,  or  for 
reserve  and  stand-by  units,  where  the  load  is  relatively  hght  and 
periodical.  The  high  rotative  speed  reduces  the  cost  of  the  generator, 
makes  parallel  operation  easier,  and  produces  a  compact,  relatively 
low  engine.  The  workmanship  and  materials  used  in  engines  of  this 
type  haye  to  be  first-dass,  and  the  materials  must  be  of  special  quahty 
to  be  able  to  .withstand  the  greatly  increased  specific  duty  of  all  the 
moving  parts.  Hence  engines  of  this  type  are  by  no  means  reduced 
in  price  in  proportion  to  their  increased  speed,  their  cost  being  rela- 
tively higher  than  that  of  slow-speed  engines. 

Some  manufacturers,  to  reduce  stock  sizes,  build  medium-speed 
engines  only. 

The  mean  effective  pressure  should  not  exceed  100  pounds  per 
square  inch  at  full  load  and  is  preferably  kept  around  90  pounds  for 
hard,  continuous  service.  The  engines  are  designed  to  carry  safely 
momentary  overloads  of  20  to  25  per  cent,  when  the  pressiire  will  go 
as  high  as  120  and  125  pounds  per  square  inch.  Engines  having  a 
two-stroko  cycle,  in  which  the  number  of  fuel  combustions  is  generally 
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double  that  in  engines  having  a  four-stroke  cycle,  are  designed  to 
operate  with  a  lower  mean  eflfective  pressure — ^between  65  and  70 
pounds  per  square  inch — ^with  a  margin  for  increasing  the  specific 
duty  of  the  engine  for  short  periods. 

DIESEL  EVOIVES  HADE  IV  THE  VVITED  STATES. 

The  important  mechanical  features  of  the  Diesel  engines  maira- 
factured  in  the  United  States  are  briefly  summarized  below. 

ALUS-CHAUCBBS  HANUFACTUBINQ  CO.,  KILWAnKEE,  WIS. 

This  company  builds  a  horizontal  engine  with  gas-engine  head  and 
eccentric-driven  admission  and  exhaust  valves.    The  horizontal  com- 
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FiGURB  37.— End  section  of  Diesel  engine  built  by  Allis-Chalmers  MAnuJjACturing  Co. 

pressor  is  mounted  on  the  side  of  the  engine  frame.  It  uses  the  lietzen- 
mayer  system  of  open  fuel  nozzle,  and  variable-stroke  plunger  fuel 
pump,  which  dehvers  the  fuel  in  the  fuel  valve  during  the  suction  strife 
Figure^  37  and  38  and  Plate_VI,  B)  p.  62),  show  views  of  this  en^e. 


BUSCH-SULZER  570-BR*KE-HORSE POWER  DIESEL  ENGWE. 


B.    BUSCH-SULZER  1:0-BI)AKE-HORSEPOWER  DIESEL  ENGINE. 


DIESEL  ENGINE  BUILT  BY  FULTON  MANUFACTURING  CO. 


DIESEL  ENGINE  BUILT  BV  LYONS  ATLAS  CO. 


DIESEL  ENGINES  MADE  IN  THE  UNITED  STATES. 
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BUSGH-SXTLZEB  BB08.  DIBSBL  ENGINB  CO.,  ST.  LOUIS,  KO. 

This  company  was  originally  the  Diesel  Motor  Co.,  and  later  the 
American  Diesel  Engine  Co.,  and  the  first  to  build  Diesel  engines  in 
America,  since  1898.  It  still  controls  a  number  of  the  earlier  Ameri- 
can Diesel  patents.  It  is  now  associated  with  Sulzer  Bros.,  of  Win- 
terthur,  Switzerland.  Types  of  stationary  engines  placed  on  the 
Americaa  market  by  this  firm  are  shown  in  Plate  VIII  and  in  section 
in  figure  39.  They  are  four-cylinder  units  with  closed  crank  case 
and  four-stroke  cycle,  the  vertical  air  compressor  having  the  appear- 
ance of  a  fifth  cylinder.  The  first  two  stages  are  obtained  by  a 
differential  and  the  last  by  a  superimposed  piston. 

DOW  PT7MP  AND  DIESEL  ENGINE  CO.,  AULUEDA,  CAIi. 

This  company  builds  a  vertical  multicylinder,  four-cycle  engine, 
under  license  from  Willans  &  Robinson,  Rugby,  England.  It  is  of 
A-frame  construction  and  conforms  to  established  European  Diesel 
engine  practice.  The  compressor  is  of  the  direct-connected,  com- 
pletely inclosed  Reavel  type. 

FULTON  lEON  WOBKS,  ST.  LOUIS,  MO. 

This  company  builds  tlie  well-known  Tosi  engine  under  license 
from  Franco  Tosi,  of  Milan,  Italy.  The  engine  is  built  as  vertical 
multicylinder  units  with  four-stroke  and  two-stroke  cycle,  and  with 
A  frames  and  vertical  two-stage  and  three-stage  compressors,  de- 
pending on  the  size  of  the  engine.  With  few  modificationSi  it  is 
built  along  the  lines  developed  by  its  European  builders. 

FULTON  MANX7FACTURING  CO.,  EBIE,  PA. 

The  engine  of  this  company  is  of  the  marine  type,  but  can  be 
adapted  to  stationary  work.  It  is  built  as  a  multicylinder  engine 
with  four-stroke  cycle  and  with  vertical  two-stage  compressor.  It 
is  not  directly  reversible,  but  uses  a  mechanical  reversing  gear.  It 
is  shown  in  Plate  IX,  A . 

LYONS  ATLAS  CO.,  INDIANAPOLIS,  IND. 

This  company  developed  its  own  engine,  built  as  two,  three,  four, 
and  six-cylinder  vertical  units  with  four-stroke  cycle,  all  with  one 
standard -sized  cyUnder  of  150  horsepower.  The  general  arrange- 
ment of  this  engine  is  shown  in  Plate  X.  Its  general  appearajice  is 
shown  in  Plate  IX,  B, 

Admission  and  exhaust  valves  are  operated  through  eccentrics, 
actuating  wiper  cams,  and  valve  levers.  The  fuel  valve  is  placed 
in  the  side  of  the  cylinder  head,  and  is  also  driven  by  an  eccentric. 
As  the  fuel  pump  shown  in  figure  34  is  controlled  by  patents  owned 
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A.   THREE  Mcintosh  &  sevmour  i.ooo-brake-horsepower  oeisel  engcnes. 


B.   THREE  Mcintosh  ii  S£Ymour  sag.  brake-horse  power  oiesel  engcnes 
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by  the  Biisch-Sulzer  Bros.  Diesel  Engine  Co.,  this  company  designed 
ite  own  fuel  pump.  The  pump  consists  of  a  measuring  plunger, 
■whose  travel  is  influenced  by  the  governor.  It  deHvers  a  measured 
volume  of  fuel  to  the  forcing  plunger  while  this  is  on  its  downward 
or  suction  stroke.  Combination  check  and  delivery  valves  control 
the  flow  of  oil  from  one  plunger  to  the  other  and  to  the  fuel  valve. 
There  ia  a  separate  set  of  plungers  for  each  fuel  valve  (per  cyHnder), 
hotised  in  one  pump  chamber.  Injection  and  starting  air  is  fur- 
nished by  a  separately  driven  Ingeisoll-Rand  air  compressor. 


Housb  39.— Two  sectional  vlawi  ol  Diesel  mgiae  buUt  by  BusdHSulwr  Bros.  Dleeel  EDgbn  COl 

UcIHTOSH  A  SETUOUB  COBPOBATIOK,  ATTBTTUN,  N.  Y. 

This  company  is  the  American  licensee  of  the  Swedish  Diesel 
Engine  Co.  (Aktiebolaget  Diesels  Motorer,  Stockholm,  Sweden)  and 
owns  the  American  patents  and  rights  of  that  company.  It  builds 
stationary  and  marine  engines  with  individual  A  frames  and  closed 
crank  cases.  They  have  a  four-stroke  cycle,  and  are  equipped  with 
two-stage  compressors.  The  company  states  that  its  newer  engines 
are  fitted  with  three-stage  compressors.  The  fuel  valve  developed 
by  Heeselmann  is  used.  In  design  the  engine  follows  the  well-estab- 
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lished  practice  of  its  European  builders.  Flants  using  the  engine 
equipped  with  A  frames  and  with  closed  crank  case  are  shown  in 
Plate  XI. 

NATIONAL  TRANSIT  FUICP  ft  3CACHINS  CO.,  OIL  CITY,  PA. 
The  engine  of  this  company  is  horizontal  and  is  fitted  with  gas- 
engine  head  and  rocker  and  wiper  type  of  valve  gear  driven  by 
eccentrics  from  the  lay  shaft.  An  open  fuel  nozzle  is  used,  the 
f  injection  air  valve  being  operated  from  the  lay  shaft  by  means  of 
a  cam.  The  fuel  pump  and  the  governor  are  mounted  together  od 
the  side  of  the  main  frame.    It  is  driven  by  an  eccentric  from  the 


Flaunt  w.—Saottonttarougb  bead  ol  engine  built  by  NUl(mAlTniultPunip^lCacli[DeC< 

lay  shaft.  The  upper  part  of  the  plunger  ia  hollow  and  has  spntwl 
on  its  upper  end  a  cut^-off  valve  which  is  under  direct  governor  con- 
trol. The  plunger  has  a  constant  full  stroke,  the  quantity  of  oil 
supplied  being  proportioned  to  the  engine  load.  The  supply  is 
governed  by  the  distance  the  cut-off  valve  is  held  oft  its  sent,  its  action 
being  that  of  a  by-pass  valve.  The  cylinder  liner  is  removable. 
A  two-stago  air  compressor,  mounted  on  the  side  of  the  main  frame, 
furnishes  the  injection  air.  The  engines  are  built  as  single  and  twin 
cylinder  units  in  sizes  from  50  to  350  horsepower.  The  engine 
is  shown  in  figures  40  and  41  and  in  Plate  XII.  The  fuel  pump  b 
shown  in  figure  33  (p.  55). 
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NBW  LONDON  SHIP  Sc  BNGINB  CO.,  NEW  LONDON,  CONN. 

This  company  builds  both  stationary  and  marine  engines  under 
license  from  the  Maschinenfabrik,  Augsbni^,  Numbeig.  The  sta- 
tionary engines  are  horizontal  and  are  built  along  the  lines  of  the 
well-known  M.  A.  N.  engines  ol  this  type. 

NOBDBBBO  XANUFACTXTBING  CO.,  HILWATTHEB,  WIS. 

This  company  is  the  American  licensee  of  Carels  Bros.,  Ghent, 
Belgium.  It  builds  a  single-acting  two-stroke  engine  duplicating  the 
well-known  Carels  design.  Plate  XIII  shows  a  five-cylinder  engine 
of  this  type  rated  at  1,250-brake  horsepower.  The  scavenging 
pump  is  carried  by  a  sixth  A  frame.  Two  engines  of  this  type 
furnished  by  Carels  Bros,  have  been  installed  by  the  Burro  Mountain 
Copper  Co.,  at  Tyrone,  N.  Mex.  They  are  coupled  to  alternating- 
current  generators  and  furnish  current  for  the  mines  and  the  mills. 
A  third  unit  like  the  above  and  two  three-cylinder  (760-brake 
horsepower)  engines  driving  air  compressors  have  been  built  by  the 
Nordberg  Manufacturing  Co.  for  the  same  plant.  A  full  description 
of  this  power  plant  has  been  written  by  Le  Grand." 

80T7THWABX  FOUNDBY  A  HACHINBBY  CO.,  PHILADBLFBIA,  PA 

The  engine  developed  by  this  company  is  a  single-acting  two- 
stroke  vertical  multicylinder  engine  used  chiefly  for  marine  pur- 
poses; it  is  then  built  directly  reversible.  Differential  pistons  are 
used  in  the  engine  (PL  XIV),  the  offset  being  employed  to  compress 
the  scavenging  air  in  the  lower  enlarged  part  of  the  cylinder^  which 
thus  forms  a  scavengmg  pump.  Air  is  admitted  into  the  scavenging 
pump  through  ports  a  (PI.  XIV),  when  these  are  imcovered  by  the 
piston.  The  scavenging  air  controlled  by  valve  b  issues  through 
ports  c,  and  when  the  working  cylinder  piston  uncovers  ports  d  the 
products  of  combustion  are  swept  out  of  the  cylinder  through  ports 
e  into  the  water-cooled  exhaust  main/.  Only  the  fuel  valves  are 
in  the  cylinder  head.  The  injection  air  bottle  is  shown  at  g.  Com- 
pressed air  for  fuel  injection  for  starting  and  for  reversing  the  engine 
is  furnished  by  a  three-stage  compressor.  The  general  appearance  of 
a  f  om*-cylinder  engine  with  the  air  compressor  is  shown  in  Plate  XV. 

WOBTHINOTON  PT7MP  &  HACHINBBY  COBPOBATION,  NBW  YOBS, 

N.  Y. 

The  Snow  Steam  Pump  Works,  Buffalo,  N.  Y.,  subsidiary  of  the 
corporation,  builds  horizontal^  single-acting  Diesel  engines  haviog 
two-stroke  and  foiu'-stroke  cycles.  Engines  with  the  four-stroke 
cycle  have  aU  valves  in  the  head  (front)  driven  from  a  cam  shaft, 

a  Le  Onnd,  Charlee,  Power  plant  of  the  Burro  Mountain  Copper  Co.:  Trans.  Am.  Inst.  lOn.  Eng.,  tqL 
65,  September,  JIU6»  pp.  308-217. 
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which  is  engaged  through  miter  gears  by  the  governor  shaft.  The 
pistons  are  connected  with  a  crosshead  carried  in  a  guide.  The 
compressor  is  horizontal,  is  carried  on  the  side  of  the  engine  frame,  and 
is  driven  direct  from  the  main  shaft.  It  uses  an  open  fuel  nozzle 
and  variable-stroke  plimger  pump,  which  delivers  the  fuel  to  the 
fuel  valve  during  the  suction  stroke. 

LIQUID  FUELS  FOB  DIESEL  EITGIITES. 

CLASSIFICATION  OF  FUELS. 

liquid  fuels  for  Diesel  engines  may  be  divided  into  three  groups, 
in  which  the  fuels  are  radically  different  in  structure,  chemical  con- 
stitution, and  properties,  and  accordingly  behave  differently  in  the 
Diesel  engine.  The  first  group  comprises  fuels  composed  of  com- 
pounds belonging  chiefly  to  the  aUphatic  series,  namely,  a  mixture  of 
saturated  and  unsaturated  hydrocarbons,  relatively  rich  in  hydrogen, 
represented  by  the  subgroups  CuH^j^^,  C,|H^,  and  CJEl^,^^  (parafim 
or  methane,  defiant,  and  acetylene  series).  It  comprises  (1)  petro- 
leums and  (2)  lignite-tar  oils.  The  second  group  of  fuels  is  composed 
principally  of  aromatic  hydrocarbons,  or  benzol  derivatives.  It  com- 
prises (1)  coal-tar  oils,  (2)  coal  tars,  and  (3)  miscellaneous  tars. 
The  third  group  comprises  vegetable  oils,  which  are  glycerides  of 
fatty  acids. 

aBNEBAL  GHABACTEBISTICS  OF  DIFFEBBNT  FT7BLS. 

Fuels  of  the  first  group  are  particularly  valuable  for  use  in  Diesel 
engines,  as  they  lend  themselves  to  the  formation  of  oil  gas  at  tem- 
peratures of  400°  to  500°  C.  The  gas  is  more  readily  formed  and  its 
ignition  takes  place  more  readily  if  it  has  a  high  hydrogen  content,^ 
that  is,  a  proportionately  large  content  of  saturated  hydrocarbons. 

The  greater  ease  with  which  the  oil  gas  is  formed,  ignition  initiated, 
and  the  residual  fuel  cx)nsumed  is  explained  by  the  chemical  struc- 
ture of  these  fuels.  This  structure  is  best  described  as  being  a  chain, 
in  which  the  atoms  are  held  loosely  together,  and  the  more  inflam- 
mable parts,  like  H  and  CH^,  are  readily  ignited  when  injected  into 
the  heated  air  of  the  engine  cylinder;  with  the  resulting  rise  of  tem- 
perature the  required  high  velocity  of  flame  propagation  is  obtained 
as  well  as  complete  combustion  of  the  residual  fuel  particles  that  do 
not  bum  so  readily.  Carbon  particles  bum  the  least  readily.  Of 
these  fuels  the  saturated  hydrocarbons  (parafim  or  methane  series, 

CfiHi^rt,)  have  the  simplest  structure,  represented  by   -o-  methane, 

CH^;   -k>dh  ethane,  CaH^;   H^mJ)— 6-   propane,  CsHg,  etc« 

The  liquid  fuels  of  the  second  group  mentioned.  Composed 
chiefly  of  aromatic  hydrocarbons,  are  low  in  hydrogen,  are  ignited 
with  difficulty,  and  do  not  bum  readily  in  Diesel  engines.    Hiis 
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charactetistic  may  be  explained  by  their  ''ring"  stmctore,  iiiudi 
holds  the  atoms  together  in  a  closed  ring  or  in  combined  ring  groups 
of  great  stability.  The  ring  can  be  broken  or  split  only  by  great 
heat;  the  oxygen  can  not  attack  the  ''inner''  ring  of  carbon  atoms 
and  break  it,  before  the  "outer"  hydrocarbon  radicals,  relatiyely 
rich  in  hydrogen,  have  been  ignited  and  burned  and  have  furnished 
the  hig^  heat  jequired  to  bum  the  carbon  atoms.  The  outer  hydro- 
carbon radicals  themselves  are  not  readily  ignited  and  split  from  tlie 
inner  carbon  atoms,  as  they  hold  these  tenaciously.  This  behavior  is 
so  pronounced  that  benzol  (CqH«),  which  has  the  simplest  structure  of 
the  hydrocarbons  (which  can  all  be  derived  from  the  "benzol  ring" 


and  are  abo  called  benzol  derivatives),  can  not  be  burned  in 
the  Diesel  engine,  and  resists  combustion  far  more  than  the  much 
heavier  anthracene  and  creosote  oils,  whereas  tar  oils  aad  tar  rich  in 
benzol  homologues  Uke.  toluol,  C^  (CH,),  and  xylol,  C^H^  (CH,), 
bum  more  readily.  An  explanation  for  this  behavior  may  be  the 
attack  and  ignition  first  of  the  CH,  radicals,  which,  being  richest  in 
hydrogen,  bum  more  readily  and  furnish  the  requisite  heat  for  burn- 
ing the  rest  of  the  hydrocarbons  with  high  carbon  content. 

Petroleums  rich  in  saturated  hydrocarbons  (paraflSn  base  oils)  and 
having  the  hi^est  hydrogen  content  bum  most  readily;  with  a 
decreasing  hydrogen  content,  an  increasing  resistance  to  rapid  oxida- 
tion (combustion)  is  noted.  Asphaltic  oils  and  those  composed 
chiefly  of  naphthenes  (heavy  California  oils)  do  not  bum  as  readily 
as  the  former  type. 

A  product  typical  of  the  transition  involved  in  maldng  aromatic 
hydrocarbons  from  lignite  tar  oils,  composed  chiefly  of  hydrocarbons 
belonging  to  the  aliphatic  series,  is  the  tar  oil  made  from  Scotch  bog- 
head shales  and  cannel  coals.  Although  many  of  these  liquid  fuels' 
have  a  high  residual  content  (pitch)  of  about  50  per  cent  left  at  400^C., 
they  bum  well  in  the  Diesel  engine  and  leave  no  residue.  These 
tars  are  the  product  of  a  slow  distillation  at  low  temperature  and 
differ  in  physical  and  chemical  characteristics  from  ordinary  coal 
tars.  According  to  Limge  and  K5hler  ^  they  contain,  besides  paraffins, 
toluol  and  naphthalene,  but  contain  little  benzol  and  anthracene. 
Lacking  the  most  valuable  constituent  of  coal  tars,  benzol,  they 
have  therefore  small  value  as  a  coal  tar,  but  are  valuable  as  a  fuel  for 
Diesel  engines. 

•  Ijxmtib,  Otarg,  uid  KOhler,  Hlppolyt,  Die  Indiistrto  dee  SteinlrrthlmtBera  and  dca  AmiwiinitH 
lM2,Bd.laoda. 
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The  resistance  to  ignition  and  burning  increases  still  further  with 
the  coal-tar  oils  and  is  greatest  with  coal  tars,  which,  with  certain 
exceptions,  are  not  suitable  for  Diesel  engine  fuels. 

ALIPHATIC  HYDBOCABBONS. 
PETROLEUMS. 

Petroleum  and  certain  of  its  products  are  the  most  valuable  and 
abundant  source  of  fuel  for  Diesel  engines,  and  the  United  States  is 
fortunate  in  possessing  large  petroleum  resources;  the  world's  pro- 
duction of  petroleum  is  in  round  figures  about  60  million  short  tons, 
of  which  the  United  States  produces  about  two-thirds. 

DSSEBABLB  FBOPBBTIB8  OF  PBTBOLBUM  FUBL. 

A  desirable  petroleum  fuel  for  Diesel  engines  should  have  the  fol- 
lowing properties : 

1.  It  should  bum  completely  without  leaving  any  residual  matter 
in  the  cylinder,  either  in  the  form  of  soot,  coke,  or  ash. 

2.  It  should  be  free  from  mechanical  impurities  which  might  clog 
the  fuel  pipes,  the  valves  of  the  fuel  pump,  and  the  fine  fuel  passages 
in  the  fuel-injection  valves  and  nozzles,  or  might  cause  excessive 
cylinder  wear. 

3.  It  should  be  suflSiciently  fluid  at  ordinary  temperatures  to  flow 
readily  to  the  fuel  pump  and  thence  to  the  fuel-injection  valve. 

4.  It  should  be  free  from  water,  as  water  lowers  the  heating  value 
of  the  oil  and  may  prevent  its  ignition. 

5.  It  should  be  free  from  highly  volatile  oils,  which  will  evaporate 
at  ordinary  temperatures  and  form  an  inflammable  mixture  with  the 
air,  thus  introducing  a  fire  hazard. 

6.  It  should  have  a  high  heating  value. 

As  is  shown  later,  complete  burning  of  an  oil  so  that  no  combustible 
or  carbonaceous  residues  remain  in  the  cylinder,  the  exhaust  being 
colorless,  depends  almost  entirely  on  the  type  and  the  size  of  the 
engine,  the  fuel-valve  and  the  atomizer  construction,  and  the  correct 
setting  of  the  valves. 

TB8T8  FOR  8UITABILITT. 

To  determine  the  suitability  of  petrolemn  products  as  fuels  for 
Diesel  engines,  they  shoidd  be  classified  by  tests  as  to  the  following 
properties,  stated  in  the  order  of  their  importance: 

1.  Boiling-point  range. 

2.  Ash  content. 

3.  Mechanical  impuritieB. 

4.  Heating  value. 

5.  Water  content. 

6.  Coke  content. 
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7.  Asphalt  content. 

8.  Paraffin  content. 

9.  Sulphur  content. 

10.  Acidity. 

11.  Elementary  composition. 

12.  Viscosity. 

13.  Flashpoint. 

14.  Burning  point. 

15.  Specific  gravity. 

FRACnONATION  OR  BOILING-POINT  TB8T8. 

Fractionation  or  boiling-point  tests  are  the  most  valuable,  as  they 
indicate  the  degree  to  which  an  oil  can  be  vaporized,  the  volume  of  oil 
gas  formed,  and  the  combustibility  of  the  oil. 

The  distillation  is  conducted  at  atmospheric  pressure  between  the 
following  temperature  ranges:  0°tol50®C.;  160®  to  200®  C. ;  200®  to 
250®  C.^  250®  to  300®  C;  300®  to  350®  C;  and  360®  to  400®  C. 

As  a  general  rule  the  smaller  the  proportion  of  residue  remaining 
at  a  temperature  higher  than  400®  C,  and  the  greater  the  volume  of 
vapor  coming  over  between  200®  and  400®  C,  the  better  is  the  oil 
suited  for  use  in  Diesel  engines.  A  further  valuable  criterion  of  the 
burning  qualities  of  oils  that  leave  residues  or  ''oil  tars"  at  tem- 
peratures higher  than  400®  C.  is  the  quantity  of  coke  left  on  distilling 
the  residue  at  temperatures  higher  than  400®  C.  The  greater  the 
quantity  of  coke  the  less  suitable  is  the  fuel.  Fuel  oils  with  a  coke 
content  can  not  be  used  in  all  engines,  and  a  content  of  6  per  cent  may 
be  taken  as  the  upper  limit  for  all  engines. 

It  has  been  noted  that  some  crude  oils  that  have  a  high  proportion 
of  constituents  that  produce  coke  and  asphalt  and  that  yield  an 
tmusually  large  proportion  of  residues  at  temperatures  higher  than 
400®  C.  decompose  (crack)  at  temperatures  between  300®  C.  and  400®  C. 
This  feature  is  particularly  noticeable  in  certain  Califomia  oils  and 
Mexican  oils.  Such  an  oil  is  imsatisf actory  for  Diesel  engines,  as  only 
a  comparatively  small  part  of  the  oil  is  readily  burned,  a  large  part 
being  changed  to  coke;  the  coke  particles  contaminate  the  film  of 
lubricating  oil,  fill  the  space  between  the  piston  rings,  and  cover  the 
piston,  making  lubrication  ineffectual,  causing  increased  cylinder 
wear,  and  requiring  frequent  cleaning  of  the  engine. 

The  distillation  test  is  an  index  of  the  fijre  hazard  of  an  oil.  If  the 
volume  of  vapors  passing  over  at  150®  C.  (0®  to  150®  C.)  is  relatively 
large,  the  presence  of  volatile  oils  is  indicated.  It  is  then  well  to 
make  another  range  test  between  0®  and  50®  C.  to  determine  the  per- 
centage of  highly  volatile  oik,  which  affords  a  better  indication  of  the 
fire  hazard  of  an  oil  than  even  its  flash  point. 
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EFFECTS   OF  ASH  CONTENT. 


Ash  is  the  most  detrimental  remnant  of  the  burning  of  fuel  oils  for 
Diesel  engines^  as  it  causes  excessive  wear  of  cylinders  and  exhaust 
valves.  The  ash  is  usually  composed  of  mineral  particles  of  great 
hardness,  such  as  quartz  and  silicates,  or  oxides  of  iron  and  aluminum, 
which,  becoming  mixed  with  the  film  of  lubricating  oil,  adhere  to  the 
piston  and  the  cyUnder  walls,  accumulate,  and  cause  excessive  wear. 
An  ash  content  in  excess  of  0.05  per  cent  will  render  an  otherwise  ex- 
cellent fuel  unsuitable  for  use  in  a  Diesel  engine. 


MECHANICAL  IMPURITIES. 


The  oil  should  be  free  from  all  mechanically  held  impurities  of  an 
organic  or  aninorganic  nature.  When  present  they  should  be  carefully 
removed  by  filtering.  Clean  oils  are  sometimes  contaminated  with 
impiirities  when  loaded  into  tank  cars  in  which  impurities  or  dirt  have 
been  allowed  to  accumulate.  Impurities  also  may  be  introduced  by 
drawing  the  oil  from  near  the  bottom  of  oU-storage  reservoirs  or  tanks  of 
refineries  in  which  any  sediment  in  the  oil  may  have  accumulated  at  the 
bottom  for  a  long  period.  Likewise,  at  the  power  plant,  the  oil  should 
never  be  drawn  from  too  near  the  bottom  of  the  main  oil-storage  tank, 
in  order  to  prevent  mechanically  held  bodies  from  being  drawn  into 
the  fuel  pipes  and  causing  interruptions  in  the  power  service.  Rep- 
resentative samples  for  testing  are  therefore  important,  as  samples 
taken  from  near  the  top  of  a  tank  car  or  storage  tank  may  not  dis- 
close the  presence  of  impurities,  and  may  show  in  all  other  respects 
a  normal  composition  that  is  satisfactory  as  regards  the  use  of  the 
oil  for  fuel. 

When  oils  are  exposed  to  the  atmosphere,  complex  oxidation  prod- 
ucts are  formed;  these,  if  present  in  small  proportion  only,  will  act 
like  other  impurities  in  obstructing  the  fine  fuel  passages  of  the  fuel 
valves,  will  deposit  gummy  incrustations  around  the  fuel  needle,  and 
will  interfere  with  the  satisfactory  operation  of  the  engine.  The 
probable  formation  of  these  products  shoxild  be  kept  in  mind  in 
storing  the  oil. 

It  is  always  best  to  provide  a  power  installation  with  two  small 
fuel  filters  of  metal  gauze  in  addition  to  the  regular  fuel-supply 
tank  in  the  engine  room,  to  prevent  impurities  from  getting  into 
the  smaller  fuel  pipes  ahead  of  the  fuel  pump  or  clogging  the  fuel 
nozzle.  These  filters  should  be  in  addition  to  the  filters  with  which 
every  good  fuel  pump  should  be  equipped. 


HEATINQ  VALUE. 


The  heating  value  of  an  oil  is  important  as  showing  the  energy 
available  for  power  generation.    An  oil  otherwise  desirable  is  the 
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more  valuable  the  greater  its  heating  value.  This  should  be  not 
less  than  10,000  calories  per  kilogram,  or  18,000  British  thermal 
units  per  pound.  These  figures  refer  to  the  mean  lower  heating 
value;  that  is,  the  heat  of  condensation  of  the  water  resulting  from 
the  combustion  of  the  hydrogen  in  the  oil  should  be  deducted  from 
the  upper  or  total  calorific  value,  or  heat  of  combustion.  In  com- 
paring the  heating  values  of  different  oils,  they  should  be  reduced  to 
a  common  basis  or  standard  of  the  water-free  and  ash-free  substance. 

WATER  CONTENT. 

A  distinction  should  be  made  between  water  that  is  so  thoroughly 
mixed  with  the  oil  as  to  form  an  emulsion  and  therefore  does  not 
separate  from  the  oil  on  standing,  and  water  that  does  so  separate. 
Oils  containing  water  of  the  former  kind  will  not  necessarily  cause 
a  failure  of  ignition,  as  free  water  is  not  present  in  sufficient  propor- 
tion to  prevent  combustion.  A  higher  temperature  is,  however, 
required  to  ignite  and  bum  such  oils,  and  the  contained  water  lowers 
the  temperature  of  combustion.  The  water  of  such  emulsions  often 
holds  mineral  salts  (sodium,  calcium,  and  magnesium  chlorides  and 
carbonates,  etc.)  in  solution,  which  are  crystallized  out  with  the 
evaporation  of  the  water,  resulting  in  incrustations  and  wear  of 
engine  parts. 

Mechanically  entrained  water,  which  will  separate  from  the  oil 
and  accumulate  in  the  bottom  of  the  fuel  tank,  will  cause  failure  of 
ignition,  and  if  it  displaces  the  oil  in  the  fuel  valves  long  enough, 
the  engine  will  stop. 

Water  lowers  the  heating  value  of  the  oil,  as  its  evaporation  con- 
sumes fuel;  it  also  lowers  the  temperature  of  the  combustion  space. 
A  purchaser  should  not  pay  for  water  and  the  cost  of  transporting  it 
when  he  is  buying  oil.  Fuel  oils  should  not  carry  more  than  0.5  per 
cent  of  water,  and  a  greater  water  content  should  be  subject  to  a 
penalty. 

COKE  RESIDUE. 

Tlie  action  of  coke  residue  has  already  been  discussed.  Oils  leav- 
ing coke  on  distilling  can  not  be  burned  in  all  Diesel  engines.  A  5 
per  cent  coke  content  is  probably  the  upper  limit.  Oils  with  an 
even  higher  content  can  be  burned,  especially  in  large  engines, 
but  such  oUs  will  more  quickly  foul  the  valves  and  the  engine 
cylinder,  and  will  cause  increased  wear.  The  selection  of  an  oil 
will  always  resolve  itself  into  the  striking  of  a  balance  between 
the  relative  first  cost  of  a  cheaper  oil  and  the  relative  cost  of  engine 
upkeep.  There  is  in  the  United  States  such  an  abimdance  of  fuels 
suitable  for  Diesel  engines  that  there  is  no  need  to  have  recourse  to 
fuels  that  produce  an  imduly  high  yield  of  coke. 
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ASPHALT  CONTENT. 


Asphalt  is  here  termed  matter  insoluble  in  ethyl  ether  and  ethyl 
alcohol  (Holde's  method).  Most  oils  high  in  residues  produced  at  a 
temperature  higher  than  400°  C.  are  high  in  asphaltic  substances. 
High  asphaltum  content  makes  an  oil  objectionable  for  use  in  engines 
•with  fuel  valves  that  are  closed  by  fuel  needles.  It  tends  to  gum  the 
needle  and  causes  it  to  stick.  By  heating  the  oil  sufficiently  to  make 
it  more  liquid,  this  objection  is  greatly  removed.  Such  oils  are  as 
a  rule  highly  viscous,  and  they  have  to  be  heated  to  cause  the  neces- 
sary fluidity. 

High  asphalt  content  points  to  a  high  content  of  constituents  that 
"will  produce  a  coke  residue.  If  the  coke  residue  of  an -oil  is  satisfac- 
tory, its  asphalt  content  may  be  disregarded  as  being  of  no  impor- 
tance. 

PARAFFm  CONTENT. 

The  paraffin  content  of  an  oil  is  important  merely  in  its  physical 
effect  on  the  oil.  Oils  with  an  appreciable  paraffin  content  may 
solidify  or  become  highly  viscous  at  low  temperatures  (0**  to  — 16°  C). 
Moderate  heating  of  oils  will  obviate  any  difficulty  from  the  sluggish- 
ness at  low  temperatures  due  to  paraffin  content. 

SULFHVR  CONTENT. 

Sulphur  in  oil  burned  in  the  engine  cylinder  is  converted  to  sulphur 
dioxide  and  may  be  oxidized  to  the  trioxide.  At  the  high  temperature 
prevailing  the  percentage  of  sulphur  usuall;^'  present  in  fuels  has  no 
appreciable  effect  on  cast  iron.  Even  so  high  a  sulphur  content  as 
5  per  cent  in  the  fuel  corresponds  to  less  than  0.1  per  cent  by  volume 
of  sulphur  dioxide  in  the  gaseous  products  of  combustion,  which  are 
replaced  by  a  fresh  volume  of  air  every  revolution  in  a  two-stroke 
engine,  or  every  other  revolution  in  a  four-stroke  engine. 

Mexican  oils  containing  sulphur  up  to  5  per  cent  are  successfully 
burned  in  Diesel  engines;  the  exhaust  pipes,  however,  should  be  of 
cast  iron  rather  than  steel,  and  the  cooling  of  the  gases  should  not 
be  carried  so  far  that  the  water  vapor  resulting  from  the  combustion 
of  the  hydrogen  will  condense,  as  then  the  corrosive  action  of  the 
sulphurous  and  sulphuric  acids  would  be  more  destructive. 

The  corrosive  action  of  sulphur  dioxide  gave  considerable  trouble 
in  American  Diesel  engines  of  an  obsolete  tjrpe,  in  which  an  emulsion 
of  lubricating  oil  and  water  was  used  in  a  dosed  crank  case  for  lubri- 
cating the  crank  pins  and  the  main  bearings.  Any  of  the  gas  that 
leaked  past  the  piston  was  partly  absorbed  by  the  water  in  the  crank 
case;  the  absorption  was  cumulative  to  the  point  of  saturation  and 
the  sulphur  dioxide  badly  corroded  the  crank  shaft  and  the  con- 
necting rods. 
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Sulphur  dioxide  or  trioxide  may  have  a  leleterious  action  on  tk 
cylinder  oil,  causing  the  formation  of  gummy  substances  and  deBtroy- 
ing  the  lubricating  properties  of  the  oil.  The  character  of  this  action 
is  still  obscure,  but  usually  an  inferior  lubricant  or  one  that  is  adulter- 
ated or  contains  vegetable  oils  is  indicated.  Only  pure  mineral  oils 
should  be  used  for  cylinder  lubrication. 

ACroiTY. 

The  fuel  oils  should  be  free  from  mineral  acids. 

BLEMBNTARY  COMPOSITION. 

Knowledge  of  the  elementary  composition  of  a  fuel  oil  is  valuable 
as  it  discloses  the  carbon  and  hydrogen  content  of  the  oil.  By  stating 
the  hydrogen  content  as  so  many  parts  of  H  available  for  every  1,000 
parts  of  C,  all  oils  are  reduced  to  a  conmion  standard  of  comparison. 
Generally,  a  high  hydrogen  content  points  to  the  formation  of  a  large 
proportion  of  oil  gas  that  is  easily  ignited  and  burned. 

VISCOSITY. 

As  the  viscosity  of  an  oil  is  a  relative  physical  property,  which 
changes  with  heat,  the  viscosity  of  fuel  oils  should  be  tested  at 
different  temperatures  in  the  Engler  viscosimeter,  namely,  at  20^  C, 
35°  C,  60°  C.,  and  75°  C.  Oils  suitable  for  Diesel  engines  should 
have  a  viscosity  of  not  more  than  4°  Engler  at  75°  C.  If  the  viscosity 
exceeds  2.5°  Engler  at  20°  C,  the  oil  must  be  heated.  Oils  otherwise 
excellent  may  be  too  viscous  at  ordinary  temperatures. 

FLASH  POINT. 

The  flash  point  of  an  oil  is  of  value  only  as  indication  of  the  fire 
hazard.  The  flash  point  should  be  not  below  60°  C,  and  for  oils 
used  in  engines  with  open  nozzles,  not  below  70°  C,  as  determined 
with  an  Abel-Pensky  or  a  Pensky-Martens  tester,  corrected  to  a  baro- 
metric pressure  of  760  mm.  of  mercury.  As  flash-point  "determi- 
nations made  in  the  open  cup  usually  show  results  several  d^rees 
higher  than  those  made  in  a  closed  tester,  it  is  well  to  denote  the 
instrument  used  in  determination,  as  60°  CPM  (60°  C.  in  a  Pensky- 
Martens  tester). 

BURNING  POINT. 

The  burning  point  of  an  oil  is  the  temperature  at  whioh  it  ignites 
and  continues  to  bum  in  an  open  cup.  The  biuming  point  is  no  crite- 
rion of  the  usefulness  of  an  oil  for  use  in  a  Diesel  engine,  save  that  it  is 
a  further  index  of  the  fire  hazard.  The  nearer  the  burning  point  to  the 
flash  point,  if  the  flash  point  is  low,  the  greater  is  the  fire  hazard.  A 
low  flash  point  and  a  high  burning  point  indicate  the  presence  of 
highly  volatile  oils  mixed  with  heavy  oils.    The  burning  point  is  10° 
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to  60^  C.  and  rarely  100°  C,  higher  than  the  flash  point.  Extreme 
differences  usually  indicate  crude  oils  that  have  not  been  '^topped/' 
or  mixtures  of  volatile  and  of  heavy  residual  oils.  If  the  flash  point 
is  sufficiently  high  to  preclude  fire  hazard,  determination  of  the 
burning  point  is  superfluous. 

8PBCIFI0  oBAvrrr  or  denbitt. 

A  density  determination  merely  denotes  in  a  general  way  whether 
a  fuel  oil  is  a  residuum,  a  crude  oil,  or  a  distillate,  but  is  otherwise  of 
no  significance  in  indicating  the  value  of  a  fuel  oil  for  use  in  Diesel 
engines.  High  viscosity  is  often  mistaken  for  high  density,  although 
as  regards  Mexican  and  Calif  omian  crude  oils,  a  dense  oil  is  as  a  rule 
sluggish.  Density  is  of  importance  when  freight  rates  are  based  on 
volume  measurement  instead  of  absolute  weight.  Density  values 
should  be  referred  to  a  standard  temperature  of  15^  C. 

Petroleum  fuels  as  herein  classified  comprise  heavy  crude  oils  that 
do  not  contain  sufficient  volatile  oils  to  warrant  the  expense  of 
''topping;"  '* topped"  oils,  from  which  the  benzene  has  been  re- 
moved; ''gas  oils,"  or  oils  distilled  at  relatively  high  temperature, 
the  residues  of  which  are  used  for  road  oils  or  converted  into  asphal- 
tum;  and  residuums,  generally  classed  as  fuel  oils,  which  result 
from  oil-refiboing  operations. 

ENGINE   FACTOBS  AFFECTING  COMBUSTION. 

Manufacturers  of  Diesel  engines  have  constantly  striven  to  im- 
prove and  construct  the  engines  with  a  view  to  burning  a  greater 
variety  of  fuels,  and  in  particular  to  make  possible  the  burning  of  the 
heavier  fuel  oils  and  residues  that  are  produced  in  great  abundance  in 
oil  refining. 

The  following  factors  influence  the  thoroughness  of  the  combus- 
tion: Size  and  speed  of  engine;  atomizer  construction  and  atomiza- 
tion  of  the  fuel;  degree  to  which  the  fuel  spray  is  mixed  with  the  air 
of  combustion;  and  the  shape  of  the  combustion  space. 

In  small  engines  the  provision  of  water-cooled  surfaces  for  the 
cylinder  and  the  cylinder  head  relatively  large  in  proportion  to  the 
size  of  the  combustion  space  is  more  effective  than  a  similar  provision 
in  larger  engines.  Effective  cooling  is  especially  noticeable  at  low 
engine  loads.  The  engine  speed  affects  the  speed  of  the  fuel  injec- 
tion. In  high-speed  engines  the  fuel  is  injected  during  a  period  of 
one  one-hundredths  of  a  second,  whereas  in  lai^e  low-speed  engines 
the  injection  may  last  over  a  period  of  one-twentieth  of  a  second. 
There  are  definite  limits  to  the  velocity  with  which  a  fuel  can  be 
burned;  aside  from  being  influenced  by  the  character  of  the  fuel,  the 
velocity  is  chiefly  controlled  by  the  speed  of  the  chemical  reaction. 
As  a  part  of  the  fuel  bums  with  the  formation  of  carbon  dioxide  and 
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water  vapor,  and  possibly  carbon  monoxide,  these  gases  rednoe  tk 
activity  of  the  oxygen  toward  the  remainder  of  the  fuel.     With  matt 
time  available  for  burning  a  fuel,  and  with  equally  thorough  atom- 
ization,  the  combustion  will  be  more  thorough   or,  what  is  more 
important,  the  higher  may  be  the  boiling  point  of  the  oil. 

ATOMIZER  CJONSTRUCTTON. 

The  importance  of  thorough  atomization  has  already  been  dis- 
cussed. Heavy  oils  and  residues  demand  higher  injection-air 
pressure,  so  that  the  fuel  will  be  broken  into  extremely  smalt  parti- 
cles. The  boiling-point  temperatures  of  oils  advance  with  an 
increase  in  pressure;  further,  the  higher  the  boiling  points  of  the  oils 
the  smaller  is  their  vapor  volume  and  the  greater  the  volume  of  air 
required  for  their  combustion.  Although  gasoline  vapor  requires  for 
combustion  about  40  times  its  own  volume  of  air  at  the  same  tem- 
perature and  pressure,  a  heavy  petroleum  vapor  requires  about  100 
times  its  volume  of  air.  With  the  increase  in  the  volume  of  air,  the 
diffusion  of  the  fuel  vapor  through  the  air  is  much  reduced  and  the 
obtaining  of  an  intimate  mixture  of  fuel  and  air  becomes  much 
more  difficult.  To  bring  each  molecule  of  fuel  vapor  into  cont>act 
with  100  or  more  molecules  of  air  needed  for  combustion,  requires  a 
most  intimate  mixture  of  fuel  and  air.  If  this  mixture  is  incomplete, 
the  more  volatile  oil  particles,  which  require  relatively  much  less  fur, 
will  bum  first  and  leave  particles  with  high  boiling  point  incom- 
pletely burned,  causing  the  formation  of  soot  and  oil  tar. 

SIZE   AND  SHAPE  OF  COMBU3TION   SPACE. 

A  small  combustion  space,  with  highly-compressed  air,  greatly 
aids  the  thorough  mixing  of  oil  vapor  and  air.  These  considerations 
also  explain  why  the  combustion  space  of  the  cylinder  should  not  be 
split  up  or  have  pockets,  but  have  smooth  walls  so  that  the  fuel 
particles  can  travel  through  the  air  more  readily.  For  the  same 
reason,  the  piston  floor  should  be  so  shaped  and  the  atomizer  nozzle 
so  constructed  that  the  fuel  spray  will  be  spread  over  the  entire  cyl- 
inder area  and,  in  being  propelledf  orward  by  the  force  of  the  injection, 
air  will  be  diffused  through  the  air  of  combustion.  The  high  tem- 
perature in  a  Diesel  engine  cylinder  is  another  factor  that  results  in 
much  increased  speed  of  chemical  reaction. 

SPECIAL  METHODS   USED   IN   BURNING  HEAVY  OILS. 

Certain  important  adjustments,  based  on  the  foregoing  considera- 
tions, are  made  for  burning  heavy  oils,  as  follows :  Increased  injection- 
air  pressure  and  smaller  nozzle  orifice  to  insure  more  complete  atom- 
ization of  the  fuel;  higher  compression  in  the  engine  itself  to  procure 
higher  temperature  of  the  air  of  combustion;  and  heating  of  the  oil 
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to  as  much  as  180^  F.  to  make  it  more  fluid  and  more  easily  atomized. 
These  different  adjustments  require  considerable  experience  on  the 
part  of  the  operating  engineer,  who  must  take  into  account  the 
character  of  the  fuel  used. 

For  oils  that  contain  asphaltum  and  much  oil  tar  at  temperatures 
higher  than  400®  C.  the  open-nozzle  type  of  fuel  valve  is  more  suit- 
able, as  this  valve  has  no  fuel  needle,  which  easily  becomes  fouled 
when  there  is  much  asphaltum  or  tar  present.  In  this  valve  the 
valve  needle  comes  in  contact  with  the  injection  air  only — never 
with  the  fuel,  which  also  obviates  the  necessity  of  grinding  the  fuel 
needle,  as  required  in  the  closed-nozzle  type  of  fuel  valve. 

Highly  viscous  oils,  beside  having  to  be  heated,  require  that  the 
engine  be  started  and  operated  with  gas  oil  until  the  discharge  engine* 
cooling  water  is  hot  enough  to  render  the  viscous  oil  sufficiently  fluid. 

TWO  LARGE  CLASSES  FOR  PETROLEUM  FUELS. 

Suitable  petroleum  fuels  may  be  divided  into  two  classes — those 
that  can  be  used  in  all  Diesel  engines,  and  those  that  can  be  used 
only  in  specially  equipped  engines.  In  the  first  class  can  be  placed 
all  fuels  with  sufficiently  high  flash  point  to  minimize  fire  hazard, 
contain  no  asphaltum  nor  mechanical  impurities,  and  have  a  mean 
lower  heating  value  of  18,  000  British  thermal  units  per  pound.  Fuels 
of  the  second  class  have  to  be  tried  first  in  the  engine,  which  often 
has  to  be  especially  equipped  to  bum  them  successfully 

SPECIFICATIONS     FOR     FUEL     OILS     SUITABLE     FOR    DIESEL     ENGINES. 

The  following  specifications  for  fuel  oils  suitable  for  Diesel  engines, 
published  by  the  Rumanian  Section  of  the  International  Petroleum 
Commission  in  1912  (Cahier  des  charges  types  pour  les  foumitures  de 
produits  Remains  de  pfitrole;  Bucharest,  Imprim6rie  de  TEtat,  1912), 
are  of  interest  as  they  describe  what  oils  of  the  first  class  should  be. 

1.  The  specific  gravity  (density)  must  be  0.860  to  0.896  at  15°  C, 
to  be  determined  with  officially  standardized  aerometers.  The 
density  is  to  be  corrected  for  each  degree  of  temperature  above  or 
below  the  standard  by  ±  0.0007. 

2.  The  flash  point  measured  by  the  Martens-Pensky  tester  must 
be  not  lower  than  60   C. 

3.  Tests  to  determine  the  boiling-point  range  must  be  made  with 
a  100-c.  c.  sample,  according  to  standard  methods  in  an  Engler 
fractionation  flask;  at  least  90  c.  c.  of  the  oil  should  be  distilled  at 
350°  C,  and  if  distillation  is  continued,  until  the  residue  is  coked, 
the  coke  should  not  weigh  in  excess  of  0.5  gram. 

4.  Acidity.  The  heavy  gas  oil  must  be  free  of  mineral  acids. 
For  testing,  the  use  of  methyl  orange  as  applied  to  kerosene  (lamp  oil) 
should  be  used. 
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5.  Water  and  mechanical  impurities.  The  oil  should  be  entirrir 
clear  and  should  not  contain  any  suspended  matter  visible  to  ik 
naked  eye  after  filtering. 

6.  Ash  content.  On  evaporating  50  grams  of  the  oil  to  drynfle 
in  a  platinum  dish,  no  weighable  quantities  of  ash  must  remain. 

7.  The  viscosity  must  not  exceed  2.50®  Engler,  measured  with  the 
Engler  or  the  Engler-Ubbelohde  viscosimeter  according  to  standard 
methods. 

8.  Heating  value,  determined  with  the  Berthelot-Mahler  calorim- 
eter, should  be  at  least  10,000  calories  per  kilogram  (18,000  British 
thermal  units  per  pound). 

It  will  be  seen  that  these  specifications  do  not  allow  a  coke  resi- 
due of  even  0.5  per  cent,  and  allow  no  ash  content  at  all.  It  is  evi- 
dent that  the  life  of  an  engine  is  materially  increased,  and  that  wear 
and  tear  and  the  cost  of  maintenance  are  decreased  when  oils  meet- 
ing these  specifications  are  used.  Some  oil  refineries  in  the  United 
States  have  put  on  the  market  gas  oils  that  meet  practicaUy  all  of 
these  requirements,  and  that  are  sold  at  a  small  advance  in  price 
over  those  of  heavy  fuel  oils  and  residues.  The  fuel  consumption 
of  Diesel  engines  is  so  small  that  the  increase  in  price  is  hardly 
reflected  in  the  cost  of  the  power,  at  least  of  small  plants;  in  fact,  the 
reduced  wear  and  tear  on  the  engine,  the  less  frequent  fouling  of  the 
valves,  and  the  knowledge  that  the  oil  is  of  constant  composition, 
eliminating  readjustments  of  the  fuel  valves,  is  sure  to  offset  the  slight 
increase  in  cost.  Tliis  advance  over  the  cost  of  ordinary  fuel  oils 
varies  from  15  to  25  cents  per  barrel  of  oil,  depending  on  locality; 
on  a  basis  of  0.5  poimd  of  oil  per  effective  brake  horsepower-hour  and 
640  horsepower-hours  per  barrel  of  oil  (at  320  poimds)  the  increased 
fuel  cost  amounts  to  15/640  to  25/640  cent,  or  about  0.026  to  0.04  cent 
per  brake  horsepower-hour. 

The  oil  specifications  of  a  leading  American  builder  of  Diesel 
engines  require  that  the  oil  shall  have  ''not  more  than  10  per  cent 
residue;  this  residue  is  that  remaining  after  a  sample  of  the  oil  has 
been  reduced  to  approximately  constant  weight  in  a  closed  furnace 
for  120  hoius  at  a  temperature  of  300**  C.  Gravity  at  60°  F.  not 
heavier  than  20"^  B. ;  not  lighter  than  40**  B.  The  gravity  may  be 
heavier  than  20°  B.,  the  limitation  being  that  it  shall  readily  flow  to 
and  be  handled  by  the  fuel  pumps  of  the  engine,  to  which  end  arti- 
ficial heating  may  be  necessary  with  heavy  oils  and  in  a  cold  climate. 

"To  insure  the  safe  storage  of  the  oil,  uninterrupted  operation  of 
the  engine,  and  minimimi  wear  and  tear,  it  is  recommended  that 
fuel  oil  also  comply  with  the  following:  Flash  point,  between  125° 
and  250°  F.;  burning  point,  between  160°  and  300°  F.;  acid,  not 
over  a  trace;  sulphur,  not  over  1.5  per  cent;  water,  not  over  0.3 
per  cent;  ash,  not  over  0.01  per  cent.'' 
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In  marked  contrast  with  the  foregoing  requirements  are  the  fuel 
specifications  of  one  of  the  foremost  European  manufacturers  of 
Diesel  engines^  a  lai^e  number  of  whose  engines  are  operated  success- 
fully in  Mexico  on  heavy  Mexican  oils.  These  specifications  are  as 
follows: 

1.  Flash  point,  determined  by  Abel-Pensky  or  Pensky-Martens 
testers,  to  be  not  lower  than  70®  C. 

2.  Viscosity  not  to  exceed  4°  Engler  at  75°  C. 

3.  Asphaltum  is  not  objectionable  as  long  as  the  viscosity  of  the 
oil  does  not  exceed  that  stated. 

4.  The  oil  should  be  free  from  water,  grit,  loam,  or  similar  im- 
purities, and  should  contain  no  sand. 

5.  Sulphur  up  to  2J  per  cent  is  not  objectionable. 

LIGNITE-TAR  OILS. 

Lignite-tar  oUa  are  the  product  of  slow  distillation  at  relatively 
low  temperature  of  lignites  and  bituminous  shales.  They  are  com- 
posed chiefly  of  hydrocarbons  of  the  aliphatic  series,  and  form  a 
valuable  fuel  for  Diesel  engines,  but  are  chiefly  of  local  importance 
in  countries  having  lignite  beds  but  no  supply  of  cheap  petroleum  fuels. 

ABOMATIC  HYDBOCABBONS. 
COAI<-TAB  OILS. 

Coal-tar  oils  as  used  at  present  for  Diesel  engines  are  mixtures  of 
the  coal-tar  fractions  naphthalene  oil  and  anthracene  oil.  From 
the  first  the  napthalene  is  mostly  removed;  and  the  tar  oil  should 
be  as  free  as  possible  from  anthracene  and  its  homologues.  These  oils 
are  mixtures  of  aromatic  hydrocarbons.  Their  structiu^al  difFerence 
from  the  hydrocarbons  of  the  aliphatic  series  has  already  been  noted, 
as  well  as  the  greater  difficulty  of  burning  these  oils  in  the  Diesel 
engine.  These  oils  have  high  self-ignition  points.  A  cold  engine 
can  therefore  not  be  started  with  them.  It  must  first  be  heated 
by  using  a  gas  oil.  Such  oils  will  not  prove  satisfactory  for  operating 
an  engine  at  fractional  loads,  unless  an  ignition  oil  (gas  oil)  is  in- 
jected ahead  of  the  tar  oil  to  produce  the  heat  necessary  to  initiate 
combustion;  otherwise,  particularly  at  low  load,  the  exhaust  will 
be  very  smoky. 

Small  engines  that  work  with  lower  cylinder  temperatures  than 
those  in  large  engines,  and  at  higher  speed,  do  not  bum  the  tar  oil 
as  well  as  do  large  engines.  Large  engines  operating  continuously 
at  full  or  nearly -full  load  can  bum  tar  oils  successfully  without  the 
use  of  an  ignition  oil  except  for  starting. 

Tar  oil  is  the  principal  fuel  for  Diesel  engines  in  Germany,  where 
about  1,000,000  horsepower  is  represented.    As  Germany  does  not 
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command  petroleum  resomtses  of  any  importance  and  there  an 
heavy  duties  imposed  on  petroleum  fuel  oUs,  Diesel  engines  v^m 
early  adapted  to  bum  the  tar  oils. 

It  is  interesting  to  note  here  that  the  late  Dr.  Diesel  advocated 
that  all  gas  coals  should  be  coked,  so  that  the  valuable  by-products 
would  not  be  wasted.    The  coke  was  then  to  be  used  to  produc«> 
heat  and  power,  furnishing    a   smokeless   fuel.     In   Germany   all 
coke  is  made  in  by-product  ovens,  aU  beehive  ovens  having  been 
abolished  many  years  ago,  but  Dr.  Diesel  wanted  to  see  the  cokmg 
extended  to  all  coking  coals  mined,  and  to  have  coke  instead  of  coal 
used  for  all  metallurgical,  heating,  and  power  purposes  (in  locomo- 
tives, laige  boiler  plants,  and  gas-producer  plants).    If  this  practice 
were  carried  into  eflfect,  Germany  could  develop  10,000,000  horse- 
power from  coal-tar  oils  and  coal  tars  alone,  without  sacnficing 
benzol  and  other  valuable  by-products  of  the  coking  operations; 
in  addition  there  would  be  the  possibility  of  producing  power  from 
the  coke-oven  gas,  and  the  coke,  with  less  waste,  could  be  put  to  all 
the  uses  that  bituminous  coals  serve. 

Much  of  the  coal  made  into  coke  in  the  United  States  is  coked  in 
beehive  ovens.  By  the  gradual  change  from  this  wasteful  practice 
to  that  of  coking  in  by-product  ovens  new  uses  for  the  coal  tars  as 
Diesel  engine  fuels  could  be  found,  without  materially  curtailing  the 
production  of  the  lighter  oils,  as  parts  of  the  middle  and  heavy  oil 
fractions  constitute  the  chief  tar  oils  used  in  Diesel  engines. 

SPECIFICATIONS  FOR  TAR  OILS. 

Limiting  values  of  the  chemical  and  physical  properties  of  t3rpical 
coal-tar  oils  are  given  in  Table  2  following,  from  Constam  and  Schlap- 
fer.« 

Table  2. — Limititvg  valvts  of  physical  properties  of  typical  coal-Uur  oil. 

Specific  gravity  at  15*»  C 1. 006  to  1. 110 

Flaah  point,  **C , 66  to  121 

Burning  point ,  **  C 84  to  160 

Self-ignition  point  in  platinum  crucible  and  oxygen 

stream,  ^C 6550 

Boiling-point  range: 

Light  oil,  0**  to  ITO"*  C,  per  cent  by  volume ...  0  to  12 

Middle  oil,  170<*  to  230**  C,  per  cent  by  volume ...  0  to  80 

Heavy  oil,  230''  to  270"*  C. ,  per  cent  by  volume  ...  1  to  36 

Anthracene  oil,  270**  to  350**  (X,  per  cent  of  volume.  9  to  66. 5 

Residue  above  350**  C.  (pitch),  per  cent  by  volume.  1  to  34. 5 

Water,  percent 0 to  1.82 

Aflh,  per  cent 0  to  0. 04 

Heating  value: 

Calories  per  kilogram 8, 845  to  9, 125 

British  thermal  units  per  pound 51, 921  to  16,425  • 

a  Constam,  £.  J.,  aad  Schl&pler,  P.,  Ueber  TreibOto:  Ztscihr.  Ver.  deat.  Ing.,  Bd.  57,  I9I3,  p.  16ZL 
b  Approzlmatoly. 
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Heat  of  combustion  of  ash  and  water-free  oil : 

Calories  per  kilogram 9, 236  to  9, 506 

British  thermal  units  per  pound 16, 625  to  17, 110 

C5arbon,  per  cent 87. 1  to  91. 4 

Hydrogen,  per  cent 6  to  7.  8 

Oxygen  and  nitrogen,  per  cent 1. 4  to  4.  9 

Sulphur,  per  cent 0. 4  to  0.  9 

Hydrogen  available  to  1,000  parts  of  carbon,  parts 62  to  83 

Coke,  per  cent 0. 4  to  3. 6 

Free  carbon  and  mechanical  impurities,  per  cent 0  to  0 . 2 

Naphthalene,  per  cent 0.  8  to  10.  5 

The  following  specifications  covering  tar  oil  suitable  for  Diesel 
engines  have  been  adopted  by  the  German  Tar  Product  Syndicate 
and  certain  manufacturers  of  Diesel  engines: 

1.  The  tar  oil  must  contain  not  more  than  0.2  per  cent  of  solid 
matter  insoluble  in  xylol;  the  noncombustible  constituents  must 
not  exceed  0.05  per  cent.  i 

2.  The  water  content  must  not  exceed  1  per  cent. 

3.  The  residual  coke  must  not  exceed  3  per  cent. 

4.  At  least  60  per  cent  by  volume  of  the  oil  must  be  distilled  below 
or  at  300°  C. 

5.  The  mean  lower  heating  value  must  be  not  less  than  8,800 
calories  per  kilogram  (15,800  British  thermal  units  per  pound). 

6.  The  flash  point  must  not  be  below  65°  C. 

7.  The  oil  must  be  thoroughly  fluid  at  15°  C.  If  the  oil  is  cooled 
to  8°  C.  and  allowed  to  stand  for  half  an  hoiir,  no  solids  must  sepa- 
rate out. 

In  engines  using  coal-tar  oils,  all  fittings  coming  in  contact  with 
the  oil  must  be  made  of  cast  iron  or  nickel  steel,  as  cast  steal  and 
wrought  iron  are  severely  attacked  by  coal-tar  oil. 

COAL   TARS. 

According  to  the  method  used  in  coking  the  coal,  coal  tars  may 
be  classified  as  horizontal-retort  tars,  inclined-retort  tars,  vertical- 
retort  tars,  chamber-retort  tars,  and  tars  made  in  coke-oven  retorts. 
Of  these  coal  tars,  with  a  few  exceptions,  only  those  recovered  in  the 
manufacture  of  coal  gas  in  vertical  retorts  and  those  recovered  from 
the  production  of  coke  in  by-product  coke  ovens  are  suitable  for  use 
in  Diesel  engines.  In  exceptional  instances  the  coal  tar  from  in- 
clined retorts  has  been  used.  C!oal  tars  vary  so  much  in  composi- 
tion with  the  different  coals  and  with  the  kind  of  retorts  and  coke 
ovens  that  a  given  tar  must  be  carefully  tested,  chemically  and  in  the 
engine,  before  a  decision  can  be  reached  as  to  its  usefulness  as  a  fuel 
for  Diesel  engines.  They  almost  invariably  contain  mineral  con- 
stituents introduced  :from  the  retort  or  coking  chambers,  and  if  these 
constituents  are  of  a.  silicious  character  they  are  particularly  de- 
structive in  action  on  the  cylinders  and  valves. 
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Tars  made  in  horizontal  retorts  can  not  be  used  in  Diesel  engines 
because  they  contain  only  a  small  proportion  of  light  oil  and  a 
relatively  large  proportion  of  heavy  and  anthracene  oils,  and  more 
than  half  of  the  tar  consists  of  pitch.  The  coke  residue  is  therefore 
high,  being  often  in  excess  of  30  per  cent,  with  a  correspondingly 
high  free-carbon  content;  likewise  the  naphthalene  content  is 
high,  as  the  primary  distillation  products  are  decomposed  further 
in  horizontal  than  in  vertical  retorts,  owing  to  the  uniformly 
higher  temperatures  used  in  horizontal  retorts.  These  tars  are 
black  and  at  ordinary  temperatures  are  highly  viscous.  They  have 
the  highest  flash,  burning,  and  ignition  points  of  the  gas-retort  tars. 

Intermediate  between  horizontal-retort  -and  vertical-retort  coal 
tars  are  those  from  inclined  retorts. 

Vertical-retort  tars  and  chamber-oven  tars  are  successfully  used 
as  fuel  in  Diesel  engines;  these  tars  have  a  high  hydrogen  content 
and  therefore  a  higher  heating  value  than  the  tars  made  in  horizontal 
retorts.  They  are  relatively  high  in  light  oils;  their  flash  and  burn- 
ing points  are  therefore  low,  and  they  are  thin  fluids.  They  have 
relatively  little  pitch  at  temperatures  higher  than  350®  C,  and  the 
free-carbon  content,  the  coke  residue  (average  about  6  per  cent), 
and  the  naphthalene  content  are  the  lowest  of  all  the  coal  tars.  They 
are  relatively  low  in  water  content  and  in  ash. 

Coke-oven  tars  differ  from  those  mentioned  previously  in  that  they 
are  "debenzohzed"  in  the  process  of  production,  and  are  therefore 
black,  thick,  heavy  liquids.  Their  specific  waight,  flash  points,  burning 
points,  and  ignition  points  are  the  highest  of  all  the  coal  tars.  They 
have  high  boihng  points,  and  contain  no  light  oil  and  little  "middle" 
oil,  but  are  relatively  high  in  heavy  and  anthracene  oils.  They 
contain  50  to  65  per  cent  of  pitch,  being  therefore  correspondingly 
high  in  free  carbon  and  in  coke  residue.  The  composition  of  these 
tars  varies  considerably,  as  they  are  produced  from  a  great  variety 
of  coals  and  in  different  types  of  coke  ovens. 

All  coal  tars  are  relatively  high  in  ash  content,  mechanical  impurities, 
and  water.  Moreover,  the  free  carbon  and  the  coke  residue  foul  the 
cylinders  and  the  valves  and  these  tars  vary  in  composition  and  prop- 
erties. Consequently  they  become  more  valuable  for  fuel  for  Diesel  en- 
gines after  having  been  subjected  to  a  distillation  or  refining  process. 
By  this  process  the  coal-tar  oils  already  described  are  obtained,  which 
are  distinguished  by  greater  purity  and  uniformity  in  composition. 

In  many  European  cities  sufficient  coal  tar  is  derived  from  local 
gas  works  to  supply  the  fuel  requirements  of  the  Diesel  engines 
that  provide  the  cities  with  light  and  power.  In  Switzerland  particu- 
larly aU  power  plants  operated  by  Diesel  engines,  of  which  there  is  a 
largo  number,  are  now  using  gas-works  coal  tar  or  tar  oik  made 
from  such  tars,  as  the  supply  of  petroleum  fuel  from  the  Galidan 
fields  has  been  cut  off  by  the  war. 
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WATER-GAS   AND   OIL-GAS   TARS. 

Water-gas  and  oil-gas  tars  are  waste  products  resulting  from  the 
decomposition  of  gas  oils  from  petroleum  and  of  tars  from  lignite, 
bitimiinous  shales,  and  oil  shales  in  the  manufacture  of  illuminating 
gas.  The  properties  of  these  tars  vary  greatly  according  to  how 
highly  the  retorts  have  been  heated  and  therefore  may  partake  more 
of  the  properties  of  the  initial  gas  oil  or  approach  those  of  coal  tars. 
Their  use  in  Diesel  engbies,  therefore,  depends  entirely  on  their 
chemical  and  physical  properties.  Tars  that  are  high  in  hydrogen 
content  and  low  in  free  carbon  make  excellent  fuels  for  Diesel  engines, 
whereas  those  high  in  free  carbon  and  naphthalene  are  unsuitable. 

C!oal-tar  oils  and  coal  tars  as  Diesel-engine  fuel  have  no  immediate 
importance  in  the  United  States,  as  there  is  an  abundance  of  the 
more  desirable  petroleum  fuels;  they  may,  however,  be  of  future 
economic  importance,  especially  if  our  coal-tar  production  is  increased 
with  an  increase  of  coking  operations  in  ovens  that  permit  the  re- 
covery of  by-products. 

VEGETABLE   OILS. 
ARACHIS   OIL. 

Arachis  or  ground-nut  (peanut)  oil  is  obtained  by  pressing  the 
seeds  (peanuts)  of  Arachis  hypogcea,  a  leguminous  plant,  growing 
profusely  in  tropical  countries.  The  seeds  are  said  to  contain  38  to  50 
per  cent  of  oil  and  the  pods  4  to  5  per  cent.  This  oil  can  be  suc- 
cessfully burned  in  Diesel  engines,  and  it  may  prove  a  valuable 
source  of  fuel  where  there  are  no  cheaper  liquid  fuels,  as  in  the  in- 
terior of  the  colonies  of  some  foreign  coimtries.  With  that  object 
in  view  its  use  has  been  developed  by  the  French  Ministry  of 
Colonies. 

PALM  OIL. 

Palm  oil  is  obtained  from  a  number  of  different  species  of  palms, 
but  chiefly  from  the  fruit  pulp  of  the  oil  palm  {Elaesis  Omneensis) 
growing  in  West  Africa.  The  oil  is  a  fatty  substance  which  melts 
into  a  clear  oil  at  about  90^  F. 

COMPOSITION  AND  PBOPEBTIES  OF  TTPIOAL  LIQUID  FUELS. 

The  composition  and  the  properties  of  typical  liquid  fuels  are  shown 
in  Plate  XVI.  It  will  be  noted  that  with  an  increase  in  density  the 
heating  value  drops.  There  are  marked  differences  in  the  viscositias 
of  the  different  fuels,  necessitating  the  heating  of  those  that  are  not 
refined  products.  There  is  also  much  variation  in  the  temperature 
at  which  the  oils  evaporate  and  in  the  degree  of  evaporation.  The 
Galician  gas  oils,  which  are  derived  principally  from  paraffin-base 
oils,  are  cited  as  an  example  of  liquid  fuel  extensively  used  in  Diesel 
engines  abroad.  Only  small  differences  between  the  properties  of 
American  oils  and  those  of  Mexican  oils  will  be  noted,  except  that 
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the  latter  have  an  appreciable  sulphur  content.  The  Texas  fuel  oik 
represented  in  Plate  XVI  are  excellent  fuels  for  Diesel  engines,  so  long 
as  the  permissible  ash  content  is  not  exceeded. 

The  Califomia  crude  oils  represented  are  unsuitable  for  use  in 
Diesel  engines,  chiefly  because  of  their  excessive  ash  content  and 
their  high  coke  content  and  their  decomposition  at  300^  C.  or  at  a 
slightly  higher  temperature.  The  oils  represented  in  the  figure  are 
not  cited  as  being  representative  of  Califomia  crude  oils  generally, 
but  as  affording  a  comparison  between  oils  suitable  for  use  in  Diesd 
engines  and  oils  that  are  not  suitable  for  such  use.  The  California 
residuum  cited  meets  all  the  requirements  of  a  desirable  fuel,  the  ash 
content  not  being  excessive,  although  the  boiling  points  range  fairly 
high  and  the  oil  has  to  be  heated  for  use. 

Many  Mexican  crude  oils,  as  indicated,  have  a  low  heating  value 
on  account  of  the  large  water  and  sulphur  contents;  likewise,  their 
ash  content  is  frequently  so  high  as  to  make  them  worthless  for  fuel 
for  Diesel  engines.  Many  contain  sufficient  proportions  of  light  oil 
to  lower  their  flash  points  and  their  burning  points  to  such  a  degree 
as  to  make  them  constitute  a  serious  fire  hazard.  At  temperatures 
higher  than  300°  C.  they  decompose,  leaving  large  proportions  of 
coked  residue. 

LUBBICATI170  OILS  FOB  DIESEL  EVOIVES. 

Two  kinds  of  oils  are  used  for  the  lubrication  of  Diesel  engine — 
bearing  oil  and  cylinder  oil. 

BEABING  on.. 

Bearing  oil  is  used  for  the  lubrication  of  the  main,  the  crank-pin, 
and  the  piston-pin  bearings,  and  of  the  cam-shaft  bearings,  and  for 
the  oU  baths  into  which  the  cams  and  the  camshaft  dip.  A  pure 
mineral  oil  will  fill  these  requirements  if  it  has  a  maximum  viscosity 
of  7°  Engler  at  50°  C,  if  it  does  not  congeal  at  a  temperature  higher 
than  -  10°  C,  and  if  it  has  a  flash  pomt  of  180°  to  200°  C.  The  oU 
should  be  entirely  soluble  in  benzene,  forming  a  clear  solution  with- 
out any  residue;  also,  it  should  be  entirely  free  from  acids,  resinous 
substances,  and  vegetable  matter. 

CYLINDEB  OIL. 

Cylinder  oil  is  used  for  the  lubrication  of  the  working  cylinders  and 
the  air-compressor  cylinders.  It  should  be  stable  at  the  relatively 
high  temperatures  of  the  piston  and  the  cylinders  of  a  Diesel  engine, 
and  should  maintain  the  desired  lubricating  properties  at  these 
temperatures ;  it  shoidd  not  vaporize  readily,  nor  should  it  decompose 
at  a  temperature  lower  than  300°  C. 
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DESIRABLE   PROPERTIES   OF   CYLINDER  OIL. 

A  suitable  cylinder  oil  should  have  a  viscosity  of  9*^  to  10*^  Engler 
at  50°  C,  and  should  flow  at  —  5**  C.  Its  flash  point  should  not  be 
below  240°  C.  It  should  be  a  pure  mineral  oil  free  from  asphaltum 
and  pitch  and  resinous  substances,  and  should  be  completely  soluble 
in  benzine,  leaving  a  clear  solution  without  any  residue.  A  piece  of 
sheet  brass  covered  for  24  hours  with  the  oil,  at  100°  C,  should 
remain  perfectly  bright  and  show  no  action  by  acids,  nor  should  it 
be  gummed  by  any  substance.  A  thin  layer  of  the  oil  spread  on  the 
sheet  of  brass  should  contain  no  solid  particles  perceptible  to  the 
sense  of  touch. 

Even  the  best  oils  will  become  partly  oxidized  in  the  compressor 
and  engine  cylinders  and  form  complex  pitch-like  substances  and 
insoluble  compoimds,  which  absorb  fine  metal  particles  from  the  com- 
pressor cylinder  or  dust  that  is  carried  into  the  cylinder  with  the 
air.  With  good  oils  it  takes  many  months  to  form  such  accretions, 
and  their  harmful  effect  can  be  entirely  avoided  by  a  periodical  inspec- 
tion and  cleaning  of  the  cylinders. 

Cylinder  oils  should  not  be  decomposed  in  the  working  cylinders 
nor  the  air-compressor  cylinders,  as  decomposition  permits  the  more 
volatile  part  of  the  oil  to  bum  and  form  carbon,  which  covers  the 
piston,  causes  the  piston  rings  to  stick,  destroys  the  lubricating  effect 
of  the  oil,  and  results  in  the  scouring  of  the  pistons  and  cylindefs, 
and  sometimes  in  the  seizure  of  the  pistons. 

Users  of  Diesel  engines  can  make  no  more  serious  mistake  than  to 
purchase  a  low-priced  cylinder  oil  in  an  attempt  at  economy.  A 
high-grade  cylinder  oil,  sparingly  used,  will  prove  most  economical 
as  regards  both  the  quantity  of  oil  consumed,  and  the  cost  of  engine 
upkeep.  Oil  analyses  alone  are  insufficient  to  govern  the  selection  of 
a  desirable  oU.  The  best  way  of  testing  the  suitability  of  an  oil  is  to 
note  its  performance  in  a  Diesel-engine  cylinder.  The  best  guide  in 
the  purchase  of  lubricating  oils  is  the  recommendation  of  the  engine 
buUders,  as  their  recommendation  is  usually  based  on  the  results  of 
protracted  tests  of  different  lubricating  oils. 

IMPOBTANT  ADVANTAGES  OF  DIESEL  EHGIirES. 

LOW  PBICB  OF  FtTEL. 

The  high  commercial  value  of  the  Diesel  engine  lies  in  its  imsur- 
passed  fuel  economy  and  in  its  ability  to  bum  low-priced  liquid  fuels 
with  high  boiling  points.  This  great  fuel  economy  is  not  confined 
merely  to  medium  or  large-^ized  units,  for  the  smallest  engine  has 
nearly  the  same  fuel  economy  as  the  largest.  In  this  respect  Diesel 
engines  differ  from  steam  engines,  which  become  economical  only,  in 
large  sizes. 
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SBLF-CONTAINBD  PBUCB  MOVBB. 

'  The  Diesel  engine  possesses  the  further  great  advantage  of  being  a 
self-contained  prime  mover,  its  only  auxiliary  being  the  air  compressor, 
which  in  all  high-grade  engines  is  driven  direct  from  the  engine  crank 
shaft,  and  is  moimted  on  the  engine  frame.  If  directly  connected  to 
a  direct-current  generator  or  an  alternator  with  excitor,  it  comprises 
with  the  switchboard  equipment  a  complete  electric  generating  station. 
Its  space  requirements  are  therefore  small,  and  it  can  be  placed  in 
basements  of  buildings  and  hotels. 

XINIMtTH  FUEL-STOBAOE  SPACE  BEQTTIfiSD. 

The  small  fuel  requirements  of  the  engine  reduce  to  a  minimum  the 
the  space  necessary  for  fuel  storage,  and  as  the  engine  uses  liquid 
fuels,  these  can  be  piped  by  gravity  from  tank  cars  to  the  storage 
tanks  below  track  level.  A  10,000-gallon  tank  car  will  supply 
enough  fuel  to  drive  a  100-horsepower  engine  at  full  load  continu- 
ously, day  and  night,  for  more  than  two  months.  Noncondensing 
steam  engines  of  the  same  size  consume  4  to  6  pounds  of  coal 
or  2i  to  3  poimds  of  oil  per  effective  horsepower-hour,  or  the  equiva- 
lent of  340  to  600  tons  of  coal,  or  200  to  250  tons  of  oil  as  compared 
with  the  40  tons  of  oil  used  by  the  Diesel  engine.  The  saving  in 
storage  space  is  evident. 

The  labor  of  unloading  and  storing  coal,  firing  boilers,  and  remov- 
ing the  ashes,  which  may  readily  amount  to  one-quarter  of  the  coal 
fired,  is  entirely  eliminated  in  Diesel-engine  plants.  The  absence  of 
coal,  ash,  and  smoke  makes  for  cleanliness.  The  Diesel  engine  is 
noiseless  and  its  exhaust  is  colorless  and  odoiless,  so  that  its  opera- 
tion meets  all  hygienic  requirements. 

FULL  POWER  aXJICKIiY  AVAILABLE. 

The  engine  is  in  readiness  for  instant  operation,  and  can  take  on 
full  load  from  no  load  as  quickly  as  the  operator  can  make  the  different 
shifts,  a  matter  of  only  two  or  three  minutes.  With  the  stopping  of 
the  engine  no  further  fuel  is  consumed.  In  this  respect  the  Diesel 
engine  differs  from  heat  engines  in  which  the  working  fluid  is  generated 
outside  of  the  engine — in  boilers  for  steam  engines  and  in  gas  producers 
for  suction-gas  engines.  The  Diesel  engine  has  no  stand-by  losses. 
Boiler  or  gas-producer  losses  in  firing  up,  losses  up  the  stack,  losses  in 
incompletely  burned  and  clinkered  coal,  radiation  and  condensation 
losses,  losses  due  to  inefficient  firing  of  boilers  or  their  insufi&cient 
upkeep,  or,  in  suction  gas  plants,  losses  due  to  inefficient  producer 
operation,  to  afterburning  caused  by  incorrect  setting  of  the  valves 
or  timing  of  the  ignition — these  add  considerably  to  the  increased 
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heat  consumption  of  steam  and  gas  engines  at  fractional  loads.  In 
this  respect  the  Diesel  engine  differs  from  other  prime  movers  in  that 
its  over-all  fuel  economy  is  not  dependent  on  the  efficient  operation  of 
auxiliaries,  or  even  on  the  skill  of  the  operators,  as  its  operation  is 
largely  an  automatic  thermodynamic  process  in  the  engine  itself. 


With  a  correctly  designed  and  efficiently  built  engine  this  economy 
^will  be  maintained  undiminished  during  the  life  of  the  engine,  pro- 
vided the  engine  receives  proper  care. 

The  claim  of  greater  rehabihty  for  the  steam  engine  is  frequently 
made,  because  an  engine  supphed  with  steam  from  a  boiler  will  con- 
tinue to  run  even  if  piston  and  glands  leak,  or  the  valves  are  improperly 
set  for  operating  economy,  and  no  matter  how  wastefully  the  boiler 
may  be  operated;  whereas  the  Diesel  engine  has  to  generate  its  own 
driving  fluid  in  the  engine  cyhnder,  and  if  any  part  of  the  engine 
fails  the  engine  has  to  stop.  However,  the  supposedly  greater  reh- 
ability  of  the  steam  engine  is  obtained  at  the  expense  of  a  greatly 
increased  fuel  consmnption. 

The  Diesel  engine  has  been  developed  to  such  a  degree  of  perfection 
during  the  past  decade  that  carefully  built  engines  can  be  considered 
as  being  fully  as  rehable  as  steam  equipment. 

No  attempt  will  here  be  made  to  outhne  comparative  costs  of  gen- 
erating power  in  the  large  central  stations  producing  thousands  of 
kilowatts.  These  unusually  large  stations,  however,  are  relatively 
rare,  the  average  size  of  all  central  stations  in  the  United  States  not 
greatly  exceeding  500  kilowatts;  and  the  power  demands  of  most 
industrial  plants  are  met  by  small  and  medium  sized  plants. 

As  is  outlined  subsequently,  many  industrial  plants  can  generate 
their  own  power  art  less  cost  than  they  can  purchase  ciurent  from 
large  central  stations. 

The  simphcity  and  compactness  of  Diesel-engine  plants  is  well 
illustrated  by  figures  43  and  44  (pp.  100-101),  showing  complete 
vertical  and  horizontal  engines. 

COKPABATIVB  BFFICIENCIBS  OF  DIFFEBENT  PBIHB  MOVBBS. 

Table  3  following  shows  the  heat  consumption  and  the  thermal 
efficiencies  of  different  types  of  prime  movers  at  continuous  lull  load. 
The  high  figures  of  fuel  consmnption  refer  to  small  plants,  the  low 
figures  to  larger  plants;  they  represent  good  economy  in  well-operated 
plants  equipped  with  modem  high-grade  machinery. 
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Table  3. — Heat  consumption  and  thermal  efficiencies  of  different  types  of  prime  motir\ 

at  continuous  ftUl  load. 


Type  of  prime  mover. 


Noncondenslng  steam  engine  ( 

Condensing  steam  engine  using  superheated  steam  * 

Locomobile  engine  with  superheated  steam  and  reheater,  con- 
densing f> 

Steam  turbine,  superheated  steam,  200  to  2,000  horsepower  & 

Steam  turbine,  superheated  steam,  2,000  to  10,000  horsepower  &. . 

Qas  engine  without  producer 

Suction  gas  engine  e 

Diesel  engbie ' 


Heatoonsomp- 
tion  per  brake 
horsepower- 
hour. 


B.  t. «. 
40,000-28,000 
28,000-16,500 

17,000-15,200 
24,000-15,500 
15,500-14,000 
10,40(V-  9,800 
14,000-11,200 
8,000-7,200 


Over-all 

thermal 

efficiency. 


6.30-  9.1 
9.1-15.4 

14.9-16.7 
10.6-16.2 
16.2-18.1 
94.4-27.5 
18.1-22.7 
32    -35.3 


SimerkxitT 
oiDiesr; 
engine.' 


5.6-3.f. 
3-6-2.3 

2-4-2: 

3.2-2.3 

2.3-19? 

1.33-1.5 

1.95-1.^ 


a  Figures  In  this  column  are  to  be  used  as  factors  with  which  to  multiply  values  in  preceding  oahmm. 
fr  Figures  include  boiler  losses, 
c  Figures  include  producer  losses. 

COMPARATIVE  COST  DATA. 


COST  OF  OPERATION. 


Table  4  f  oUowing  presents  f ue^cost  data  covering  the  operation  of 
the  prime  movers  represented  in  Table  3 : 

Table  4. — Comparative  operating  costs  of  different  types  of  prime  movers. 


Type  of  prime  mover. 


Kind  of  fuel. 


Noncondensing  steam  engine  a 

Condensing  steam  engine  using  super- 
heated steam  a 

Locomobile  eng&ie  with  superheated 
steam  and  reheater,  condensing  a 

Steam  turbine,  superheated  steam,  200 
t  o  2,000  horsepower  o 

Steam  turbine,  superheated  steam, 
2,000  to  10,000  horsepower  a 

Oas  engine  without  prodnoer 

Suction  gas  engine  b 

Diesel  engine 


Coal. 


.do. 


do 

oal  and  anthracite 


.do. 


ratural  sas,  coke-oven  gas, 
or  blast-furnace  gas 

Anthracite 

Petroleum , 


Average 

cost  per 

1.000,«K) 

B.  t.  u. 


OenU. 
12 

12 

12 
12 
11 
12 
11 
15 
7 
11 
15-18 


Cost  of 
1.000,000 
B.t.u., 
effective 

work. 


CaU». 

191-132 

132-78 

81-  72 
113-74 
104-68 
74-67 
68-61 
62-55 
27 

61-49 
56-43 


,  Heat  cost 
per  one 
,    cufective 
'horsepower- 
I      hour. 

Cents. 

0.4$-a34 


.34- .20 

.21-  .IS 
,29-  .19 
.27-  .17 
. l»-  .  17 

. 17-  . 155 
.16-  .14 

,16-  '.U 
.14-  .11 


a  Figures  mclude  boiler  losses.  b  Figures  include  producer  losses. 

COST  OF  FT7SL. 

Cost  data  covering  the  various  types  of  fuel  used  in  the  prime 
movers  represented  in  Tables  3  and  4  are  presented  in  Table  5  fol- 
lowing: 

Table  5. — Cost  of  various  types  of  fuel. 


Kind  of  fuel. 

Price  of  fuel. 

Heating  value 
per  pound. 

Absolute 
heat  cost 

B.t.u. 

Averap 
heat  cost 

i,oSa!ooe 

B.t.a. 

Lignite 

Sl.OO  to  $2.50,  ton  of  2,000  pounds 

2.00  to  4.00,  ton  of  2,000  pounds 

2.50  to  4.00,  ton  of  2,000  pounds 

.75  to  2.25,  barrel 

B.  t.  u. 

5,000-  9,000 

11,000-14,200 

14,500 

18,000-19,000 

900-  1,000 

90 

450 

CevU. 

10    -14 
9   -14 
8.6-13.8 

12.5^7.6 

11-75 
6.5-11 
4.4-11 

Ctnts. 

12 

Bituminous  coal 

u 

Anthracite 

11 

Fuel  oil  (petroleum ) 

Natural  gas 

15-18 

.10  to    .75. 1.000  cubic  feet  . 

15 

Blast-fumaoe  gas 

.05  to    .01. 1.000  cubic  feet  . 

m 

i 

Coke-oven  gas 

.02  to    .05. 1.000  cubic  feet ...    . 

m 
i 
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FOBJCUULS  FOA  COMPUTINO  Ft7EI<  COST. 

Fuel  is  usually  the  principal  item  of  expense  in  generating  povei. 

Because  of  the  great  variety  of  fuels,  and  their  diflfering  greatly  ir. 

heating  value  and  other  properties^  all  fuel  prices  shoidd  be  reduceii 

to  a  common  basis  of  absolute  cost  per  1,000,000  B.  t.   u.     The 

cost  of  1,000,000  B.  t.  u.  actually  con  verted,  in  to  mechanical  wori 

is  then : 

('o8t  of  1,000,000  B.  t.  u. 

Over-all  thermal  efficiency  of  plant. 

The  fuel  cost  per  effective  horsepower-hour  is 

(\)8t  of  1,000,000  B.  t.  u.  X  2,545. 
Over-aU  thermal  efficiency  X  1,000,000. 

In  this  expression,  2,545  B.  t.  u.  is  the  heat  equivalent  of  1  flnglish 
horsepower  per  hour. 

SIGNIFICANCE  OF  COST  DATA. 

Tables  4  and  5  (p.  98)  give  the  fuel  prices  and  heat  values  of  differ- 
ent kinds  of  fuels,  the  absolute  heat  cost  of  1,000,000  B.  t.  u.  and  the 
cost  of  1,000,000  B.  t.  u.  converted  into  mechanical  work.  The  heat 
cost  of  1  horsepower-hour  has  also  been  computed  for  the  different 
kinds  of  engines,  based  on  average  fuel  prices  in  widely  different 
sections  of  the  United  States.  The  figures  mentioned  indicate 
that  although  the  absolute  fuel  price  for  fuel  oil  may  be  several  times 
higher  than  that  of  coal  in  the  same  market,  power  may  be  generated 
more  cheaply  with  the  Diesel  than  with  the  steam  engine.  However, 
the  figures  given  are  representative  of  continuous  full-load  condi- 
tions, at  which  power  plants  seldom  operate.  At  fractional  loads, 
the  economy  of  the  steam  engine  decreases;  there  is  also  additional 
fuel  consumed  to  make  up  for  boiler  and  producer  losses  when  firing 
up  or  banking  fires,  and  there  are  stand-by  and  radiation  losses  which 
increase  materially  with  fractional  loads.  In  the  Diesel  engine  the 
fuel  consumption  increases  only  in  proportion  as  the  fractional 
load  increases  the  internal  work  of  the  engine,  with  a  decrease  in  its 
effective  output.    When  the  engine  stops  all  fuel  losses  stop. 

EFFECT  OF  DIFFEBBNT  FACTORS  ON  SCONOKY. 

How  the  size  of  units  affects  their  economy  is  shown  by  figure  45. 
The  Diesel  engine  has  the  highest  fuel  economy,  which,  moreover. 
is  least  affected  by  the  size  of  the  imit.  The  economy  is  nearlj 
constant  for  all  Diesel  engines. 

In  figure  46  the  average  increase  in  fuel  consumption  with  fractional 
loads  is  shown  for  the  different  prime  movers,  based  on  actual 
engine  performance  in  well-operated  plants.    To  obtain  the  economy 
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of  steam  plants  at  fractional  loads,  the  full-load  economy  for  a  given 
size  of  plant  can  be  taken  from  figure  45  and  then  the  percentage 
increase  computed  for  that  size  from  figure  46. 


"oWJOOmW"  600     800  J200  1600  2000  2^00  2800 

SiZ€  OF  FRfME  MOVeR^  HORSEPOWER 

FiQiTBE  45.— Influanoe  of  slie  on  effldency  of  difEexBnt  prime  movers  at  continuous  full  load. 

With  inexperienced  labor  and  insufficient  care  of  machinery,  the 
fuel  consumption  of  the  steam  and  the  suction  gas  power  plants 
may  be  still  higher  than  is  shown  in  the  figures. 
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From  the  data  that  has  been  presented  it  is  evident  that  small  steam 
plants  can  not  compete  with  Diesel  engines  in  the  cost  of  generating 
power.    On  the  basis  of  results  of  the  actual  operation  of  steam  and  o! 

modern   Diesel-engine 
plants,     allowance    being 
made  for  the  special  fac- 
tors favoring  the  Diesel  en- 
gine, such  as  small  Space  re- 
quirements, constant  readi- 
ness for  immediate  opera- 
I'  tion,   cleanliness,   and    ab- 
•3  sence  of  danger  from  possi- 
S  ble  boiler  explosions,  steam 
I  plants  up  to  1,000  horse- 
power,  using  coal  costing 
10  cents  per  1,000,000  B.  t. 
g  u.  can  not  effectively  com- 
■g^  pete  with  Diesel-engine 
I  plants  even  with  fuel  cost- 
I  ing  30  cents  per  1,000,000 
^  B.  t.  u. 


ADVANTAaES  OF 
KOBUJSS. 

Among  the  types  of  steam 
I  engines  considered,  the  lo- 
£  comobiles  occupy   a  place 
I  apart,  on  account  of  iheir 
I  phenomenal   economy    for 
their  small  size.    The  loco- 
mobile is  a  self-contained 
power  plant,  consisting  of 
^  a  boiler,  a  superheater,  and 
I  a  compound  condensing  en- 
gine,  a  condenser,  a  soot 
blower,  and   a   feed-water 
heater.     It    is   usually 
equipped    also  with  a  re- 
heater  in  which  the  steam 
is  reheated  before  it  is  ad- 
mitted to  the  low-pressure 
cylinder.    These  units  are 
widely  used  in  Germany  and  other  parts  of  Europe,  and  in  recent 
years  an  American  concern  has  begun  to  manufacture  them. 

In  actual  everyday  operation,  however,    these  units  do  not  meet 
the  performance  guaranties  established  by  test.    A  recent  investiga- 
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tion  of  the  performance  of  12  locomobile  plants  and  15  Diesel-engine 
installations  in  dtffbrent  parts  of  Germany  disclosed  the  fact  that 
during  one  year's  operation  with  the  changing  load  conditions  common 
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FiouRB  47.— Heat  baiaooes  of  different  tdnds  of  engines. 

to  most  central  stations  the  actual  fuel  consumption  of  the  locomobile 
plants  averaged  102  per  cent  higher  than  the  guaranteed  performance, 
whereas  the  consumption  of  the  Diesel-engine  plants  was  only  14  per 
cent  higher  than  the  performance  guaranteed. 
14574*'— 18 8 


106  THE  DnSSEL  ENGINE. 

UXITATIONS  OF  STTCTION  OAS  PLANTS. 

The  locomobile  united  on  account  of  their  economy,  may  be  used 
advantageously  in  sections  of  the  coxmtry  where  fuel  oil  is  not  obtain- 
able or  where  the  price  is  high  as  compared  with  the  price  of  coaL 
Similarly,  a  suction  gas  plant  may  be  in  order  where  cheap  anthracite 
or  coke  is  to  be  had  and  fuel  oils  are  so  high  in  price  as  to  offset  the 
manifold  advantages  and  the  superiority  of  the  Diesel  engine  over 
suction  gas  plants.  With  the  use  of  bituminous  coal,  the  operating 
difficulties  of  suction  gas  engine  plants  increase,  and  not  all  bitumi- 
nous coals  can  be  used  successfully  in  suction,  gas  producers.  Success 
depends  greatly  on  the  experience  of  the  operator  in  making  a  uniform 
gas  of  the  desired  composition.  Further,  the  valve  setting  and  the 
timing  of  ignition  must  be  adjusted  to  the  composition  of  the  gas. 
On  accoxmt  of  a  lack  of  experienced  labor  to  operate  such  plants,  dis- 
incUnation  on  the  part  of  users  to  pay  advanced  wages  for  such  ex- 
perience, or,  possibly  on  account  of  deficient  design  of  the  producer  or 
the  gas  engine  or  both,  many  such  plants  have  failed,  and  they  have 
not  been  as  widely  adapted  as  their  relatively  high  fuel  economy  would 
lead  one  to  expect.  With  the  {Nresent  development  of  the  Diesel 
engine,  a  further  decUne  in  the  use  of  suction  gas  en^e  plants  may 
follow.  Suction  gas  engine  plants  cost  fully  as  much  as  Diesel-engine 
plants  per  horsepower  of  capacity;  they  take  up  more  room  for  equip- 
ment and  for  fuel  storage,  and  depend  on  the  producer  for  their  gas 
supply.  Their  fuel  consumption  imder  average  operating,conditions, 
even  in  well-conducted  plants,  is  seldom  better  than  1}4  to  1 3^^  pounds 
per  horsepower,  compared  with  about  one-half  pound  of  fuel  oil  for 
Diesel-engine  plants. 

CONDITIONS  MAKING  OTHBB  PLANTS  DESIRABLB. 

When  a  supply  of  natural  gas,  coke-oven  gas,  or  blast-fiu*nace  gas 
is  avaOable,  the  gas  engine  is  generally  the  logical  selection.  If  the 
heat  price  of  these  gases  as  well  as  the  load  factor  of  the  station  is  very 
low  and  the  load  is  highly  fluctuating,  large  steam-turbine  plants  are 
the  correct  economical  selection  at  present,  as  they  cost  least  per 
kilowatt  of  capacity.  The  reduction  in  capital  cost  overbalances  any 
fuel  saving  possible  with  gas  engines,  this  saving  being  relatively  small 
because  the  absolute  fuel  consumption  for  the  limited  kilowatt-hour 
output  of  such  stations  is  small. 

The  selection  of  the  steam  engine  in  small  imits  when  power  is  to  be 
transmitted  electrically  to  motors  is  justified  only  when  the  exhaust 
steam  can  be  used  either  for  heating  buildings  or  in  industrial  proce^es. 

The  steam  turbine  has  the  advantage  of  lower  installation  cost, 
smaller  space  and  foimdation  requirements,  and  oil-free  steam.  The 
steam  consumption  of  small  turbine  imits  is,  however,  materially 
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higher  than  that  of  steam  engines;  their  use  is  therefore  warranted 
only  \^hen  the  amount  of  heat  to  be  suppUed  by  the  exhaust  steam  is 
very  large. 

Figure  47  shows  the  comparative  value  of  the  steam  engine  for 
heating  purposes.     This  figure  shows  the  distribution  of  the  amount 
of  heat  wasted  per  horsepower-hour  after  the  amount  required  for  con- 
version into  mechanical  work  (2,546  B.  t.  u.)  has  been  deducted.     In 
condensing  steam  engines,  12,000  B.  t.  u.  per  horsepower-hom*  and 
in  noncondensing  steam  engines  20,000  to  24,000  B.  t.  u.  per  horse- 
power-hour are  available  in  the  exhaust  steam  for  heating  purposes, 
whereas  in  gas  and  Diesel  engines  only  about  2,000  and  1,200  B.  t.  u. 
per  horsepower-hour  can  be  abstracted  from  the  waste  gases.     If  the 
waste  gases  are  utilized  for  heating,  the  steam  engine  generates  power 
cheaply,  the  fuel  chargeable  to  power  production  being  reduced  to 
about  8,000  to  16,000  B.  t.  u.  per  horsepower-hour. 

The  cooling  water  and  the  waste  gases  from  medium  and  large  sized 
Diesel  engines  can  be  used  for  heating  when  only  a  limited  supply  of 
hot  water  is  needed.  The  safety  of  the  engine  precludes  heating  of 
the  cooling  water  to  a  temperature  higher  than  160°  F.  In  large 
engines,  to  avoid  excessive  heating  of  cylinders  and  cylinder  heads,  the 
coohng  water  should  not  be  discharged  at  a  temperature  higher  than 
125°  F.  If  the  exhaust  gases  are  used  to  heat  this  water  (of  which 
about  5  gallons  per  horsepower-hour  is  needed),  still  further,  in  specially 
constructed  heaters  or  boilers,  the  efficiency  of  the  engine  drops  off 
rapidly  with  an  increase  in  the  temperature  to  which  the  water  is 
heated,  as  does  the  volume  of  water  so  heated.  Five  gallons  per 
horsepower-hour  may  be  thus  heated  from  125°to  170°  F.,  and  only  23^ 
gallons  if  heated  to  212°  F.  The  volume  of  water  that  can  be  heated 
is  roughly  reduced  in  proportion  to  a  reduction  in  the  indicated  power 
of  the  engine.  The  Diesel  engine  is  therefore  used  principally  for 
generating  power. 

FACTOBS  AFFBCTINa  COST  OF  OENEBATINO  POWER. 

As  regards  the  generation  of  power  with  heat  engines  the  follow- 
ing factors  influence  the  cost: 

1.  The  fuel  consumption  of  the  generating  imits. 

2.  The  B.  t.  u.  price. 

3.  The  size  of  generating  units  and  of  the  station. 

4.  The  station-load  factor  or  the  ratio  of  yearly  output  in  kilowatt- 
hours  to  the  maximum  possible  yearly  output  in  kilowatt-hours. 

5.  Capital  or  fixed  charges,  comprising  interest  on  the  capital 
iavested  in  the  power  plant  and  amortization. 

6.  Operating  expenses  comprising  cost  of  labor,  lubrication,  and 
maintenance. 
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The  influence  of  these  factors  on  the  cost  of  generating  pow?: 
with  small  Diesel  engines  is  shown  in  figures  48  and  49.    One  hundm 

horsepower  and  200-horsepower  eo- 
gines  which  drive  industrial  in&- 
chinery  direct  from  belt  have  Ihhti 
selected.  The  engines  are  loaded  8t 
an  average  of  about  80  per  cent  of 
their  rated  capacity,  a  condition 
commonly  found  in  industrial  planu. 
Labor  is  figured  at  $3  per  man  per 
8-hour  day.  The  installation  cost. 
including  building  space  for  housing 
the  engine,  is  taken  at  $100  per  hors*'- 
power  of  installed  capacity  for  the 


Figure  48.— Comparative  costs  of  diffoient  itjpms 
in  the  operation  of  a  lOO-horsepower  Diesel  en- 
gine at  a  mean  80  per  cent  load. 

lOO-horsopower  engine  and  at  $90 
for  the  200-horsepower  engine.  All 
costs  are  referred  to  a  unit  of  1 
horsepower  operating  one  year  of 
8,760  hours.  The  total  costs  of 
operating  the  engine  for  shorter 
periods  are  also  shown.  The  fig- 
ures show  that  capital  charges  are 
constant,  regardless  of  load;  that 
the  fuel  cost  is  proportionate  to 
the  operating  time;  and  that  the 
labor  and  the  maintenance  charges 
are  nearly  proportionate  to  the 
operating  time. 

The  cost  graph  of  the  200-horse- 
power engine   (fig.  49)  shows  the 
influence  of  size  on  the  reduction  of  capital  and  of  labor  charges. 
There  is  no  difference  in  the  fuel  consumption  of  the  two  engines,  as 


FiauBE  49.-Comparatiye  costs  of  different  Iten 
in  the  operation  of  a  aoo-horsepoiwer  Diesel  (s- 
gine  operating  at  a  mean  80  per  cent  load. 
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the  fuel  economy  of  both  is  the  same.  Figure  50  showB  for  the  100- 
horsepower  engine  the  operating  costs  for  different  engine-use  periods 
roduced  to  costs  per  horsepower-hour  corresponding  to  these  use 
periods  or  load  factors.  Figure  51  shows  similar  data  for  the  200- 
horsepower  engine.    The  influence  of  a  reduced  number  of  operating 
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FiQUKE  50.->-OperatIiig  costs  for  different  engine-use  periods  reduced  to  corresponding  horaepower-hoor 

costs,  100-horsepower  Diesel  engine. 

hours,  which  is  synonymous  with  a  reduced  output  of  horsepower- 
hours,  is  at  once  apparent.  The  fixed  chaises  increase  the  imit 
power  cost  rapidly  at  low-use  factors.  For  the  fuel  cost  a  basic 
price  of  $1  per  barrel  of  320  poimds  has  been  used.  To  what  extent 
higher  fuel  prices  increase  the  power  cost  is  indicated  by  broken  lines 
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above  the  base  line.  The  cost  increment  proportionate  to  tb 
higher  fuel  price  would  have  to  be  added  to  the  horsepower-botiT 
cost  shown  in  the  graph  below  the  base  line  (in  which  the  fuel  cost 
at  $1  per  barrel  is  already  included)  for  any  use  factor.  As  this 
cost  increment  is  the  same  for  both  engines,  figure  49  includes  onlv 
the  fuel  cost  based  on  oil  at  $1  per  barrel. 

Figure  53  shows  the  influence  of  the  size  of  Diesel-engine  equip- 
ments for  generating  electric  power  on  the  cost  of  producing  the 
power.  The  capital  charges  are  based  on  the  costs  per  unit  of 
installation  as  given  in  figure  52.  To  obtain  the  best  operating 
economy  and  flexibility,  each  station  is  considered  as  being  com> 

posed  of  at  least  three 
units,  each  with  a  capac- 
ity of  one-third  of  the  ag- 
gregate station  capacity. 
With  an  increase  or  a  de- 
crease in  load  during  dif- 
ferent periods  of  the  dar 
one  or  more  units  can  be 
thrown  into  or  out  of  ac- 
tion. 

Figure  54  shows  the  cost 
of  a  kilowatt-hour  for  dif- 
ferent station-load  factors 
and  for  stations  of  differ- 
ent sizes,  the  data  being 
based  on  the  kilowatt-year 
costs  in  figure  53.  The 
fixed  charges  are  repre- 
sented by  full  lines  marked 
KW.  F.  C,  and  the  costs 
for  labor,  lubrication,  and 
maintenance  are  repre- 
sented by  broken  lines  marked  KW.  L.  M.  The  fuel  costs  have  not 
been  added,  as  these  are  practically  constant  at  2  to  2\  mills  per  kilo- 
watt-hour for  a  load  factor  of  100  to  25  per  cent,  with  fuel  oil  costing 
$1  per  barrel  of  320  pounds.  For  oil  of  a  higher  price  the  proportion- 
ate higher  fuel  cost  can  easily  be  calculated. 

Combined  charges  for  capital,  labor,  lubrication,  and  maintenance 
can  be  read  direct  for  any  load  factor  from  the  broken-line  curves. 
The  line  representing  kilowatt-hour  costs  for  a  6,000-kilowatt  station 
has  been  cross-hatched  to  make  it  distinct.  As  the  size  of  a  station 
materially  influences  the  cost  of  power  production,  different  sized 
stations  are  indicated  by  separate  curves  to  make  clear  the  influence 
of  station  size  and  station  factor  on  the  power  production  cost. 


FiouBB  61.— Operating  costs  for  different  engtne-uae  pecioda 
reduced  to  correspondlDg  horsepower-liour  costs,  30(Mioc8»> 
power  Diesel  engiDe. 
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Figure  55  presents  a  comparative  analysis  of  the  factors  controlling 
"fciie  cost  of  generating  power  in  medium-sized  (9,000-kilowatt)  central 
stations  using  either  Diesel  engines  or  steam  turbines.  Figure  56 
sliows  the  compardrtive  efficiencies  of  the  two  types  of  prime  movers. 
For  the  steam  turbine  highly  favorable  operating  conditions  have 
T^een  taken,  namely  a  steam  pressure  of  180  poxmds  per  square  inch; 
£t  steam  temperature  of  600°  F.;  a  temperature  of  60°  F.  at  the 
inlet  for  the  cyxjulating  water  fop  condensing,  and  a  vacuum  of  96 
per  cent. 
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FiouBB  52.— Comparative  costs  per  unit  of  Diesel-engbie  equipment  and  of  steam-turbine  equipment 

for  generating  electricity. 

Of  the  three  variables,  steam  pressure,  steam  temperature  and 
cooling-water  temperature,  the  last  two  affect  the  economy  most, 
as  is  shown  in  figure  57,  from  which  the  increased  or  decreased  fuel 
consumption  can  be  figured  for  other  operating  conditions  than 
those  assumed.  The  percentage  of  fuel  increase  (above  the  base  line 
marked  "cooling-water  temperature '')  and  the  percentage  of  fuel 
decrease  (below  the  base  line  marked  ''cooling-water  temperature") 
to  be  added  to  or  to  be  deducted  from  the  performance  consumption 
used  as  a  starting  point  can  be  readily  ascertained  for  different  sets 
of  operating  conditions. 

Figure  55,  showing  the  total  yearly  capital,  lubricating,  mainte- 
nance, and  fuel  charges  for  different  station  factors,  indicates  that 
the  fuel  price  and  the  station  factor  (relation  between  average  load 
and  rated  capacity)  determine  which  type  of  plant  is  the  more  econom- 
ical for  a  given  set  of  conditions. 
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FioruK  53.-<;urve8  showing  cost  of  kilowatt- 
year  (8.760  kilowatt-hours)  at  full  load, 
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8X7HMABY  OF  COHPARATIVB  APVANTAaBS. 

FoDowing  is  a  statement  of  the  comparative  advantages  and 
disadvantages  of  Diesel  engines  and  of  steam  turbines  for  generating 
power: 

Summary  of  comparative  advantages  and  disadvantages  of  Diesel  engines  and  of  steam 

turbines  for  generating  power. 

Advantages  of  Steam-Turbine  Plants. 

1.  Unlimited  size  of  generating  units. 

2.  High  rotative  speed,  reducing  size  of  generating  units,  and  cheapening  turbine 
and  alternator  construction. 

3.  Low  installation  cost. 

4.  High  overloading  capacity. 

5.  Ability  to  use  under  the  boiler  all  classes  of  fuels  (solid,  liquid,  or  gaseous), 
including  the  cheaper  varieties  of  inferior-grade  coals. 

Disadvantages  of  Steah-Turbine  Plants. 

1.  The  fuel  economy  is  greatly  dependent  on  the  skill  of  the  operating  force  and 
the  degree  of  thoroughness  with  which  the  installation  is  maintained  at  operating 
efficiency. 

2.  Dangers  and  drawbacks  of  boiler  operation. 

3.  Boiler  losses  generally  and  fuel  losses  in  firing  up  and  in  banking  boilers  and  in 
ash  and  clinkers. 

4.  Exacting  requirements  relating  to  circulating  water  for  condensing  the  steam, 
one  of  the  deciding  factors  in  the  commercial  success  of  a  steam  plant. 

Advantages  of  Diesel-Engine  Plants. 

1.  Very  high  thermal  efficiency  and  lower  absolute  heat  rate,  independent  of  the 
size  of  unit. 

2.  Absence  of  all  boilers,  smoke,  and  soot. 

3.  (Constant  readiness  for  operation. 

4.  No  fuel  losses  in  firing  up  and  in  Unconsumed  coal  in  ash  as  in  steam  plants. 

5.  Small  volume  of  cooling  water  required. 

6.  Use  of  cheap  liquid  fuels,  such  as  petroleum  residues,  coal-tar  oils,  and  certain 

coal  tars. 

Disadvantages  of  Diesel-Engine  Plants. 

1.  Limited  size  of  units  (at  present,  4,000  horsepower). 

2.  Massive  foundations  necessary. 

3.  High  consumption  of  lubricating  oil. 

4.  High  installation  cost. 

The  fuel  costs  are  figured  for  different  B.  t.  u.  prices,  ranging  from 
10  to  20  cents  per  1,000,000  B.  t.  u.  Those  represented  in  the  right 
graph  of  figure  55  are  based  on  the  use  of  coal  under  the  boilers.  As 
higher  boiler  efficiencies  are  obtained  with  fuel  oil  than  with  coal,  and 
there  is  also  less  labor  involved  in  caring  for  boilers,  allowance  for  a 
decrease  in  cost  for  a  steam-turbine  plant  using  fuel  oil  should  be  made 
comparing  such  a  plant  with  a  Diesel-engine  plant  on  the  basis  of 
the  data  represented  in  the  figure.  Thus,  the  next  lower  price  than 
that  shown  for  a  given  fuel  cost  can  be  taken.  For  instance,  if  fuel 
oil  costs  16  cents  per  1,000,000  B.  t.  u.,  take  the  cost  given  for  oil  at 
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14  cents  as  representing  the  fuel  cost  for  the  tiirbine  plant  and  voa- 
pare  it  with  the  14-cent  price  for  the  Diesel-engine  plant. 

CON8EDE&ATION8  aOVEBHINa  CHOICB  07  FRIHE  MOVXSS. 

The  data  represented  in  figure  53  indicate  that  the  selection  of 
either  type  of  prime  movers  should  he  governed  by  the  foUoTing 
economic  considerations : 
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PiQUHE  55,— Comparative  omts  o[  operatioa  ol  DieMl-enflaB  and  at  itwa-lurtiiiie  loitalhlkii  to 
geaerstlng  power.  L«ll  graph  ispresents  toui  3,5ao-taonep(nrer  Diesel  bdcIius  In  a  plaot  ciitliD{ 
complete,  including  buildings,  nOOiOOO;  rl^t  graph  rapraMDU  three  3,000-kllonll  itaun  turbUia in i 
plant  coating  complete,  Including  buildings,  1730,000, 

1.  Fuel  is  of  chief  infiuence  on  the  total  cost  of  power  when  bell) 
the  prit-e  per  1,000,000  B.  t.  u.  and  the  load  factor  are  high.  These 
conditions  favor  the  use  of  the  Diesel  engine. 

2.  Inter&st  and  amortization  charges  are  of  chief  influence  on  the 
total  power  cost  with  low  B.  t.  u.  price  and  low  load  factor,  particu- 
larly as  applied  to  stand-by  plants,  which  are  operated  only  occasion- 
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ally  or  to  take  care  of  recurring  peak  loads.  The  installation  cost  of  such 
plants  must  be  kept  as  low  as  possible  so  as  to  avoid  heavy  capital 
charges  distributable  over  a  relatively  small  output  of  kilowatt- 
liours  for  the  station.    Such  conditions  favor  the  steam  turbine. 

3.  An  exception  to  consideration  2  is  when  the  constant  readiness 
of  the  Diesel  engine  makes  it  preferable;  installation  cost  being  of 
secondary  importance.  Here  the  cost  of  keeping  boilers  imder  steam 
continuously  would  have  to  be  bal- 
anced against  the  difference  of  in- 
terest charges  on  steam-turbine 
plants  as  compared  with  those  on 
Di^el-engine  plants. 

4.  The  prime  movers  most  logi- 
cal for  power  plants  situated  at  the 
source  of  the  fuel,  either  in  the  oil 
field  or  at  the  coal  mine,  and  there- 
fore enjoying  the  advantages  of 
a  cheap  fuel  supply,  are  those  cost- 
ing least  to  install — that  is,  steam 
turbines.  The  fuel  expenditures 
will  be  comparatively  less  than  in- 
terest and  redeihption  charges, 
provided  that  a  satisfactory  supply 
of  cooling  water  is  available  for 
condensing. 

5.  In  many  instances  combina^ 
tion  plants  using  Diesel  engines 
for  supplying  the  continuous  and 
nearly  constant  main  load,  and 
steam  turbines  for  furnishing  peri- 
odically occurring  peaks  by  the  use 

of    high-duty    boilers    with    large    FroimB  se.— Compantive  operating  effldencies  of 

water  and  steam  spaces,  capable 
of  being  forced  when  necessary, 
will  prove  most  profitable.  The 
periodical  peaks  may  be  taken  care 
of  by  a  turbine  floating  on  the  line 
and  operating  in  parallel  with  the 
Diesel  engines  that  supply  the 
main  load  and  operate  constantly  at  or  near  full  load. 

6.  Up  to  capacities  of  1,000  horsepower,  steam  turbines  can  com- 
pete with  Diesel  engines  only  for  special  uses,  such  as  supplying  ex- 
haust steam  for  heating.  For  larger  plants,  of  1,000  to  10,000 
kilowatt  capacity,  careful  analysis  must  be  made  of  the  relative 
advantages  of  Diesel  engines  and  of  turbines,  a  knowledge  of  the 
load  factor,  the  fuel  prices,  and  the  water  supply  being  necessary. 
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Diesel  engines  and  of  steam  turbines.  Steam- 
turbine  equipment  to  generate  3,000  kilowatts; 
figures  include  boiler  losses  and  operation  of 
auxiliaries;  steam  pressure,  180  poimds  x>er  square 
inch;  steam  temperature,  600**  F.;  temperature, 
at  Inlet,  of  drcnlatlng-water  for  condensing,  00* 
F.;  vacuum,  06  per  cent.  Single-acting,  two- 
stroke,  vertical,  Diesel-engine  equipment  to  gen- 
erate 3,500  horsepower;  125  revolutions  per 
minute;  8,000-kUowatt  generator. 
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For  power  plants  with  a  capacity  larger  than  10,000  kilowatts,  com- 
prising units  of  6,000  kilowatts  or  more,  steam  turbines  are  prefera- 
ble, unless  a  combination  of  high  load  factor,  high  fuel  cost,  and 
unfavorable  water  supply  favors  the  Diesel  engine.  This  combina- 
tion is  not  frequently  encountered. 
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FiouBB  67.— Influence  of  operating  conditions  on  perfonnanoe. 

SPECIAL  ADAPTATIOirS  OF  DIESEL  ElTGnTES. 

Mention  has  been  made  of  combination  plants  in  which  steam  tur- 
bines and  Diesel  engines  are  used.  Great  economies  are  possible 
with  such  plants.  As  steam  turbines  are  flexible,  can  be  greatly 
overloaded,  and  are  relativdy  cheap  per  kilowatt  of  capacity,  they 
can  be  used  to  furnish  peak  loads  of  short  duration.  Such  loads 
occur  in  almost  eveiy  central  station  in  the  early  night  hours,  when 
the  maximimi  demand  on  the  station  may  be  several  times  the 
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average  demand.  Although  the  steam  unit  consumes,  considerably 
more  fuel,  the  absolute  total  fuel  consumption  of  the  steam  equip- 
ment for  the  kilowatt-hour  output  at  the  peak  is  comparatively 
small;  as  the  Diesel  engine  would  be  running  at  full-load  capacity 
during  the  maximum  current  output  of  the  station.  During  the 
hours  in  which  the  steam  turbine  is  not  in  service,  the  exhaust  gases 
and  the  discharged  cooling  water  from  the  Diesel  engine  would  be 
used  for  keeping  the  boiler  heated  and  imder  steam.  The  use  of  the 
exhaust  gases  for  this  purpose  is,  of  course,  appUcable  only  to  the 
moderately  large  station. 

Many  small  ste^am  plants  now  in  operation  can  make  appreciable 
fuel  economies  by  continuing  the  use  of  the  present  steam  equipment 
for  supplying  the  peak  load  and  by  installing  sufficient  Diesel-engine 
equipment  to  provide  the  average  load.  The  most  economical  size 
and  number  of  Diesel-engine  imits  in  relation^ to  existing  steam 
equipment  can  be  determined  only  on  the  basis  of  the  average  daily 
load  for  a  period  of  a  year,  and  each  power  problem  has  to  be  con- 
sidered separately.  A  practical  example  of  the  savings  possible  is 
of  interest.  A  fluctuating  yearly  load  of  1,250,000  kilowatt-hours 
was  supplied  by  a  500-kilowatt  steam  turbine,  operating  on  the 
condensing  system,  with  an  average  fuel  consumption  of  nearly 
6^  pounds  of  coal  per  kilowatt-hour.  By  the  installation  of  a  200- 
kUowatt  Diesel  engine  unit,  at  a  cost  of  $30,000,  a  yearly  fuel  saving 
of  $11,000  could  have  been  realized.  In  this  instance  the  coal  was 
high  priced,  costing  nearly  20  cents  per  1,000,000  B.  t.  u.  Such  a 
degree  of  saving  is  possible  in  steam  plants  all  over  the  United  States, 
the  fuel  saving  paying  for  the  Diesel-engine,  equipment  in  three  to 
four  years  without  necessitating  any  increase  in  labor  for  operating 
such  mixed  plants. 

Analysis  of  the  different  factors  controlling  the  cost  of  generating 
power  with  Diesel  engines  shows  clearly  that,  in  common  with  other 
types  of  power  plants,  this  cost  diminishes  with  an  increase  in  the 
size  of  the  plant.  The  reduction  in  power-generating  costs  is  due, 
first,  to  decreased  interest  and  redemption  charges  for  larger  plants, 
these  charges  being  in  proportion  to  the  capital  outlay  for  the  plant, 
and,  second,  to  a  lessened  labor  charge.  A  possible  conclusion  is 
that  laige  central  stations  must  produce  the  power  cheaper  than 
smaller  independent  and  isolated  engine  tmits.  However,  the 
influence  of  the  station  factor  on  the  power  cost  was  also  made  evi- 
dent. Furthermore,  the  figures  given  for  cost  of  generating  power 
were  for  current  delivered  at  the  station  switchboard.  They  did 
not  include  the  cost  of  distributing  the  current,  which  is  often  a 
more  expensive  operation,  when  the  interest  and  redemption  charges 
on  transmission  and  distributing  systems  and  the  cost  of  power 
losses  are  taken  into  account. 
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The  cost  of  transmission  and  distributing  systems  and  the  expense 
of  their  maintenance  depend  on  such  a  variety  of  conditions  that 
no  generally  applicable  cost  data  can  be  given,  but  each  system 
must  be  designed  for  the  particular  conditions  to  be  met. 

There  are,  however,  large  fluctuations  in  the  capital  cost  (including 
interest  charges  and  amortization)  of  different  systems  per  kilowatt 
of  capacity,  and,  what  is  more  important,  per  kilowatt-^hour  of  deliv- 
ered  energy.  This  cost  is  greater  for  a  thinly  settled  distributing 
area  and,  if  there  are  few  power  consumers  in  the  area,  the  transmis- 
sion line  must  be  comparatively  longer  for  each  kilowatt  of  used  out- 
put, and  the  power  consumption  will  be  more  irregular.  The  power 
losses  of  such  systems  are  also  considerable.  These  factors  all  com- 
bine to  make  hydrauUc  power  by  no  means  as  universally  cheap  as 
many  people  believe.  Fixed  charges  resulting  from  the  high  capital 
cost  of  some  of  the  large  hydrauUc-power  and  electric-transmission 
systems,  and  the  tmavoidable  power  losses  of  such  systems,  add  so 
much  to  the  total  cost  of  delivered  eneigy  that  Diesel-engine  plants 
can  often  generate  power  more  cheaply  than  can  hydroelectric  sys- 
tems. The  advantage  of  the  Diesel  engine  is  especially  apparent  if 
it  can  be  applied  direct  without  the  double  transformation  of 
energy — ^mechanical  into  electrical  and  this  back  to  mechanical. 
The  Diesel  engine  is  also  preferable  for  central  stations  supplying 
current  within  a  limited  area,  as  the  necessity  of  high-tension  long- 
distance transmission  is  obviated.  It  is  well  recognized  that  large 
power  companies  frequently  are  obliged  to  sell  current  to  large  con- 
sumers at  cost,  or  even  below  cost,  in  order  to  create  a  demand  for 
more  power.  The  increase  in  power  output  insures  a  more  favor- 
able load  factor,  but  the  numerous  small  consumers  have  to  pay 
high  prices  to  make  up  for  the  losses  in  profit  on  the  power  supplied 
to  the  large  consumers. 

The  great  economy  of  the  Diesel  engine  makes  even  moderate- 
sized  central  stations  for  small  cities  and  towns  and  isolated  pow^r 
plants  feasible  and  renders  possible  the  generation  of  such  cheap 
power  that  the  large  central  stations  with  overland-transmisaion 
systems  can  compete  with  them  only  in  densely  settled  areas. 

Most  industrial  plants  that  operate  day  and  night,  and  therefore 
have  an  exceptionally  high  load  factor,  can  generate  their  power  with 
Diesel  engines  at  such  a  cost,  including  all  operating  and  fixed  chaiges 
(12  to  15  per  cent) ,  that  they  can  fix  a  profitable  price  that  no  cen- 
tral station  can  equal  even  in  powers  as  small  as  100  horsepower. 
Even  with  a  50  per  cent  load  factor,  such  an  engine  will,  as  a  rule, 
generate  power  cheaper  than  it  can  be  purchased. 

Of  late  years,  especially  in  EJurope,  much  has  been  done  to  develop 
the  oil  engine  in  small  powers,  to  take  the  place  of  the  electric  motor. 
There  is  a  groat  demand  for  such  small-powered  engines,  particu- 
larly in  agriculture.    There  is  also  a  large  field  for  small  engines  of 
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this  type  for  tractors  and  motor  tracks.  The  great  weight  of  the 
Diesel  engine  and  the  first  high  cost  per  horsepower  of  capacity  was 
against  their  adoption  in  the  earlier  stages  of  their  development. 
Likewise,  the  necessity  for  thorough  evaporization  of  the  fuel  was 
not  so  well  understood,  and  the  use  of  a  compressor  for  the  fuel 
injection  made  the  cost  of  the  small  units  excessive,  not  to  mention 
the  great  difficulties  of  building  so  small  an  air  compressor  that  would 
be  reliable  with  the  high  pressures  used.  The  clearance  space  and 
the  valves  would  be  so  small  that  they  would  be  fouled  by  a  minute 
quantity  of  dirt  and  oily  deposit. 

For  small  powers  a  nighly  successful  type  of  engine  has  been  devel- 
oped, in  which  the  measured  fuel  charge  is  deposited  during  the  suc- 
tion stroke  in  a  small  perforated  vaporizer  extending  sUghtly  into  the 
cylinder  from  the  cyUnder  head.  During  the  compression  stroke  a 
part  of  the  charge  is  vaporized,  and  it  is  ignited  at  the  termination  of 
the  stroke;  the  resulting  explosion  sweeps  the  remainder  of  the  less 
readily  vaporized  fuel  through  the  perforations  and  into  the  cylinder, 
in  which  it  is  burned  completely.  Gas  oils  are  successfully  burned 
in  these  engines,  with  a  fuel  consumption  of  0.5  to  0.6  pound  per 
horsepower-hour. 

A  further  development  lies  in  building  small  two-stroke  engines  of 
this  type,  to  permit  a  lower  weight  and  lower  manufacturing  costs. 
A  fuel  consumption  of  0.6  to  0.7  pound  per  horsepower-hour  is  rather 
common  in  these  engines,  which  range  from  5  horsepower  per  cyUnder 
up.  What  their  development  will  mean  to  farmers  and  users  of 
motor  trucks  in  a  time  of  rising  gasoUne  prices  may  be  realized  from  a 
comparison  of  fuel  prices.  Gas  oil  may  be  had  at  $1  to  $1.50  per 
barrel,  or  2  to  3  cents  per  gallon,  whereas  distillates  and  gasoUnes 
cost  9  to  26  cents  per  gallon.  The  fuel  saving  is  therefore  nearly 
proportional  to  the  fuel  prices,  as  the  thermal  efficiency  of  these 
small  oil  engines  is  fully  as  good  as  that  of  distillate  and  gasohne 
engines.  Standardized  engines  of  the  type  designed  for  mass  pro- 
duction will  reduce  the  manufacturing  cost  to  such  a  figure  as  to  make 
their  adoption  general  throughout  the  country. 

EXAMPXES  OF  SUCCESSFUL  USE  OF  DIESEL  EITOIHES. 

A  few  practical  examples  of  uses  to  which  Diesel  engines  are 
adapted  m)l  show  what  performance  may  be  expected.  The  Diesel 
engine  is  the  preeminent  prime  mover  for  continuous  day-and-night 
duty  at  a  high  load,  the  fuel  saving  in  such  use  being  large  in  com- 
parison with  the  consumption  of  any  other  heat  engine,  and  the 
operating  and  fixed  charges  for  the  Diesel  engine  so  used  being  the 
lowest  for  the  unit  of  power. 

PT71CPIKO  PLANTS. 

The  table  following  shows  the  amount  of  work  performed,  in  foot- 
poxmds  per  1  B.  t.  u.  of  heat  consumed,  in  lifting  water  moderate 
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heights  with  different  types  of  pumping  equipment.     These  perform 
ances  relate  to  city  water  works  and  irrigation  ptmiping  plants. 

Data  regarding  amount  of  work  performed  hy  different  types  of  pumping  equipment 


Type  of  pumping  plant. 


Steam;  eood  operating  conditions. 

Steam;  Best  operating  conditions 

Steam;  superheated  steam  used 

Suction  gas  engine;  good  operating  conditions. . . 

Suction  gas  engine;  speciaioonditfons 

Humphrey  gas  pump;  good  operating  conditions 

Humphrey  gas  pump;  special  conditions 

Diesel  engme;  good  operating  conditions 


Work  perform- 
ed in  lifting 
water. 


Fooe-powsds 

64.5 

77.8 
OS.  4 
n6.7 
147.8 
156 
171.2 
225.6 


OYer-all 

CffiCKSKJ. 


PercetL 

m 

19 

12 

15 

U 

30.1 

22 

29 


A  noteworthy  Diesel-engine  pumping  station  is  that  at  the  Glad- 
stone Docks,  Liverpool.  There  are  five  units,  each  consisting  of  a 
single-stage  centrifugal  pump  coupled  direct  to  a  1,000-brake  horse- 
power Carels  Diesel  engine.  The  engines  have  a  two-stroke  cycle, 
with  four  cylinders  510  mm.  in  diameter  by  660  mm.  stroke,  and 
deliver  1,000  brake  horsepower  at  180  revolutions  per  minute.  Thev 
can  be  overloaded  10  per  cent.  The  pumps,  of  the  Worthington  type, 
are  designed  to  dehver  9,200  cubic  feet  of  water  per  minute  against  a 
head  of  47  feet  at  180  revolutions  per  minute,  but  are  capable  of  work- 
ing against  a  maximum  head  of  61  feet. 

Diesel  engines  are  also  successfully  used  for  driving  pumps  of  petro- 
leum pipe  lines  when  the  oil  has  the  desired  viscosity  at  ordinary 
temperatures.  

ICE  KAKTTFACTUBE. 

Developments  in  the  manufacture  of  ice  have  made  possible  th? 
utilization  of  Diesel  engines  for  driving  the  ammonia  compressors, 
with  a  noteworthy  fuel  saving  and  reduction  in  the  cost  of  manufac- 
ture. Combination  ice,  refrigeration,  and  electric-light  plants  are 
now  frequently  installed.  The  off-peak  engine  capacity  is  used  for 
operating  the  ice-making  machinery,  with  highly  satisfactory  results. 
Four  to  6  gallons  of  fuel  oil  per  ton  of  ice  is  the  usual  consumption  in 
ice  plants  in  which  Diesel  engines  are  used.  In  a  plant  producing 
100  tons  of  ice  in  24  hours  and  with  fuel  costing  2\  cents  a  gallon,  a 
ton  of  ice  can  be  produced  for  45  cents,  including  all  operating  labor. 
maintenance,  and  supply  charges,  but  not  fixed  charges  (interest  mi 
amortization).  If  the  power  were  purchased  at  1  cent  per  kilowatt- 
hour  the  cost  would  be  85  cents  per  ton  of  ice. 

FLOITB  MILLS. 

A  number  of  flour  mills  use  Diesel  engines.  A  common  perform- 
ance is  the  milling  of  one  barrel  of  flour  wdth  a  fuel-oil  consumption  of 
0.6  to  0.6  gallon,  for  all  power,  including  that  used  in  elevating  the 
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i^heat  and  com.  With  oil  costing  2  cents  a  gallon,  the  fuel  cost  per 
barrel  of  flour  for  all  power  is  1  to  1.2  cents,  and  with  3-€ent  oil  the 
cost  is  1.5  to  1.8  cents  per  barrel  of  flour. 

CENTBAL  STATIONS. 

The  factors  controlling  the  cost  of  generating  electric  corrent  have 
already  been  discussed.  Following  are  data  showing  unit  powei^ 
production  costs  for  a  modem  central  station  in  Texas.  The  station 
is  equipped  with  three  SOO-horsepower  Diesel  engines  direct  connected 
to  437-k.  V.  a.,  2,300-volt,  3-phase,  60-cycle  alternators.  The  cost 
figures  are  for  a  period  of  four  months. 

Station  output,  kilowatt^houra 1, 565, 000 

Rating  of  plant,  kilowatts 1,050 

Station  factor,  per  cent 51 

Total  fuel  oil  uaed ,  gallons 149, 072 

Weight  of  oil  per  kilowatt-hour  of  output,  pounds 0. 672 

Heat  consumed  per  kilowatt-hour  of  output,  B.  t.  u 13. 100 

Cost  of  plant  per  kilowatt  of  capacity,  dollan 153 

Labor  cost,  average  man-day,  dollars 2. 80 

Man-days  per  1,000  kilowatt-hours  of  output .46 

Cost  of  fuel  oil  per  gallon,  cents 3. 25 

Cost  of  lubricating  oil  per  gallon,  cents 30 

Production  costs,  per  kilowatt^hour,  mills: 

Alllabor 1.44 

Fuel  oil 3.07 

Water .09 

Lubricants  and  waste .04 

Biiscellaneous  supplies  and  expense .10 

Maintenance  of  engines .04 

Maintenance  of  buildings .05 

All  other  maintenance .15 

Total 4.98 

Interest  and  amortization,  12  per  cent,  51  per  cent  station 
factor 4.80 

Total  cost 9.78 

LOCOMOTIVES. 

0 

The  Diesel  engine  has  been  appHed  to  raiboad  traction  in  two  forms; 
direcUy  in  a  Diesel  locomotiye,  and  indirectly  in  an  electric  motor 
car  with  a  generator  driven  by  a  Diesel  engine. 

A  1,000-horsepower  locomotive  has  been  built  by  Sidzer  Bros.,  of 
Winterthnr,  Switzedand,  in  which  power  to  the  drivers  is  transmitted 
direct  from  a  reversible  Diesel  engine  with  a  two-stroke  cycle.  For 
starting;  compressed  air,  furnished  by  a  compressor  operated  by  a 
separate  Diesel  engine  is  used.  The  locomotive  made  satisfactory  test 
runs  in  hauling  freight  and  passenger  trains,  but  no  detailed  perform- 
ance dat9  are  as  yet  available. 

14574*»— 18 9 


122  THE  DIESEL  ENGINE. 

Variable-speed  Diesel  engines  coupled  to  generators  and  built  into 
passenger  railroad  cars  have  been  used  in  several  instances  in  Burope 
with  great  success.  The  fuel  consumption  varied  from  0.8  pound  to 
1.2  pounds  per  train-mile,  with  a  train  weight  (two  cars)  of  30  to  66 
tons  (2,000  pounds).  The  average  fuel  consumption  amounted  to  2 
to  2.75  pounds  per  100  ton-miles.  On  a  basis  of  1  kilowatt-hour 
being  generated  with  a  fuel  consumption  of  0.7  pound  of  oil,  this  is 
equal,  in  round  numbers,  to  3  to  4  kilowatt-hours  per  100  ton-miles, 
or  30  to  40  watt-hours  per  ton-mile,  a  remarkably  good  performance. 

SHIP  PBOPXTLSION. 

An  increasing  number  of  ships  are  being  fitted  with  Diesel  engines. 
Lloyd's  Register  for  1914  hsted  27  ocean-going  ships  equipped  with 
Diesel  engines  with  a  total  of  about  40,000  shaft  horsepower.  At 
least  20  more  ships  equipped  with  Diesel  engines  were  then  building. 
There  are  probably  more  than  400  ships,  including  river  craft  not 
listed,  fitted  with  Diesel  engines,  not  counting  submarines  so  fitted. 
Up  to  1914,  6,000  indicated  horsepower,  equal  to  about  4,600  to  4,800 
shaft  horsepower,  in  six  single-acting  cyHnders  and  in  one  engine  was 
probably  the  upper  limit  in  size,  although  double-acting  engines  of 
12,000  horsepower  in  three  cylinders  for  use  on  ships  are  being  tested 
on  the  European  continent. 

Before  directly  reversible  marine  Diesel  engines  had  been  developed, 
reversing  and  slownspeed  changes  were  accomplished  by  the  Del 
Proposto  system,  first  used  on  the  Russian  ship  Sarmat  in  1904, 
and  subsequently  installed  in  many  Russian  river  boats  and  ships 
of  the  Russian  Navy.  The  engine  was  used  for  driving  the  ship 
ahead,  but  for  reversing  was  coupled  to  a  generator  and  a  motor  was 
used.  The  engine  speed  could  be  reduced  from  240  to  72  reVolutioDS 
per  minute. 

Later,  Hesselmann  developed  a  directly  reversible  four-cycle  marine 
engine,  which  has  been  used  with  great  success  in  many  ocean-going 
ships.  Late  development  favors  the  engine  with  a  two-stroke  cyclo 
for  marine  purposes,  as  it  can  be  built  materiaUy  lighter  per  horse* 
power,  is  mechanically  better  adapted  for  reversing,  and  occupies 
much  less  space  than  other  types.  Compressed  air  is  used  for 
reversing  both  tjpes  of  engines. 

The  advantages  of  ships  equipped  with  Diesel  engines  lie  not  merely 
in  the  greater  cruising  radius  obtainable  with  a  given  quantity  of  fuel, 
but  in  the  increased  cargo  space  made  available,  as  the  liquid  fuel  can 
be  stored  between  the  double  bottoms  of  the  ships,  in  dead  space 
otherwise  filled  with  ballast  water. 

The  importance  of  Diesel  engines  for  propelling  submarines  is 
commonly  known.  The  latest  types  of  submarines  with  their  greatly 
increased  field  of  action  and  cruising  radius  are  almost  wholly  due  to 
recent  improvements  in  the  marine  Diesel  engine. 
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bivning  point  of 90 

composltian  of 91 

flashpoint  of 90 

for  Diesel  engine  ftiel 91 

heating  ^'alue  of 91 

spednc  gravity  of 90 

spedflcations  for 90 

suitability  of,  for  engine  fuel 78 

use  of 90 

See  ttUo  Fuel  oil. 

Tars,  chamber  retort,  properties  of 92 

coke-oven,  properties  of 92 

horizontal  retort,  properties  of. 01 

oil-gas,  properties  of 93 

vertical  retort,  properties  of 91 

water-gas,  properties  of. 93 

Two-stroke  cyde,  advantages  of. 12 

definition  of 2 

flgureshowing. 4 

V. 

Valves  of  Diesel  engine,  figure  showing 36 

Viscosity,  desirable,  of  fuel  oil 84,88 

of  cylinder  oil 94,95 

Volumetric  effldency  of  Diesel  engine 67 

W. 

Water  for  coding,  amount  required 65 

circulation  of 64 

supply  of 64 

Water-gas  tar,  properties  of 93 

Water  in  fbel  oil,  effects  of 82 
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